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CHAPTER  I 
INTRODUCTION 


In  order  to  increase  soybean  (Glycine  max  (L.) 
Merrill)  yield  through  breeding,  it  would  be  helpful  to 
understand  the  complex  interactions  of  plant 
characteristics  and  processes  that  ultimately  lead  to 
yield.  The  identification  of  physiological  traits  that  are 
closely  associated  with  yield  may  allow  their  use  in 
breeding  programs.  Some  of  these  factors  are:  seed  protein 
percentage,  length  of  the  seed  filling  period,  seed  growth 
rate  on  an  individual  and  on  a land  area  basis,  rate  of  dry 
matter  allocation  or  partitioning  of  dry  matter  into  seeds. 


amount  of  vegetative  biomass  present  at  the  beginning  c 
seed  growth,  and  potential 
production  of  the  crop. 


Of  these  factors,  usually  seed  protein  percentage  has 
been  negatively  associated  with  yield  (Johnson  and 
Robinson,  1955;  Kwon  and  Torrie,  1964:  Byth  et  al.  1969a; 
Brim  and  Burton,  1979),  with  some  exceptions  (Byth  et  al.. 


Despite  the  usual  negative  correlations  between  seed 
yield  and  seed  protein  percentage,  lines  which  combine  high 
seed  yield  with  high  seed  protein  percentage  have  been 
produced  (Thorne  and  Fehr,  1970;  Hartwig  and  Hinson,  1972; 
Simpson  and  Wilcox,  19B3) . 


If  the  negative  association  between  yield  and  seed 
protein  percentage  was  primarily  the  result  of  tight 
linkages  or  pleiotrophic  effects,  or  both,  the  chances  of 
combining  high  yield  and  high  seed  protein  percentage  would 
be  small.  However,  the  negative  associations  usually  found 
between  these  two  traits  may  tend  to  be  positive,  if  the 
high  protein  parent  was  also  the  high  yielding  parent,  if 
linkages  were  reversed  in  the  high  protein  parent,  and  if 
pleiotrophic  effects  were  negligible. 

The  application  of  yield  component  analysis,  that  is, 
individual  seed  weight,  seeds  per  pod,  and  seeds  per  unit 

to  component  compensation  (Denis  and  Adams,  1978). 
Therefore,  other  approaches  are  needed  to  determine  how 
seed  yield  can  be  increased.  Factors  that  produce 
significant  and  consistent  yield  increases  must  be 
identified  before  any  application  to  practical  breeding 
procedures  is  feasible. 

In  this  work,  I will  examine  how  soybean  yield  is 
achieved  at  the  organisational  level  of  the  processes  that 
ultimately  lead  to  yield.  Analyses  done  at  a lower 
organizational  level  probably  would  mask  the  predominant 


for  seed  yield  is 
(dw/dt) dt  (1) 


initial  and  final  stages 


of  seed  dry  matter  accumulation,  W is  the  mass  of  seeds 

However,  it  appears  that  equation  (11  can  be 
simplified.  Egli  and  Leggett  (1976)  observed  that 
individual  seed  growth  is  constant  during  most  of  seed 
filling.  Similarly,  Hanway  and  Weber  <1971a]  observed  that 
seed  dry  weight  accumulation  on  a land  area  basis  is  also 
linear.  Therefore,  by  assuming  dw/dt  is  constant,  equation 


Seed  yield^SGR  x EFP  (2) 

where  SGR  is  the  rate  of  seed  dry  weight  accumulation 
per  unit  of  land  area,  and  EFP  is  Effective  Filling  Period 
defined  by  Daynard  et  al.  (1971)  as  the  ratio  of  mature 
seed  weight  to  its  rate  of  growth  during  the  linear  phase. 

Equation  (2)  shows  that  at  the  highest  organizational 
level,  SGR  is  the  process  that  integrates  all  other  plant 
processes  leading  to  yield,  and  that  the  length  of  time 
during  which  this  process  takes  place  is  a critical  yield 
limiting  factor. 

Positive  associations  between  yield  and  the  length  of 
seed  filling  have  been  reported  (Hanway  and  Weber,  1971a; 
Egli  and  Leggett,  1973;  Gay  et  al.,  1980;  Boote,  1981).  In 
some  cases,  the  strength  of  this  association  was  rather  low 
(Dunphy  et  al.,  1979;  Salado  Navarro  and  Hinson,  1983). 
Boote  (1981)  reported  that  yields  exhibited  a plateau  at 


longer  filling  periods. 


Similarly,  soybean  yield  has  not  shown  consistent 
highly  significant  positive  associations  with  SGR.  Zweifel 
(1978)  observed  a highly  significant  positive  correlation 
between  yield  and  SGR,  while  Hanway  and  Weber  (1971a),  Egli 
and  Leggett  (1973),  and  Kaplan  and  Roller  (1974)  observed 
that  the  dependence  of  yield  on  SGR  was  rather  small.  At 
the  individual  seed  level,  Egli  (1975)  and  Egli  and  Leggett 
(1978)  also  observed  discouragingly  low  associations 
between  yield  and  the  rate  of  individual  seed  growth 


It  should  be  noticed  that  genotypes  in  the  studies 
cited  above  usually  were  unrelated,  highly  selected, 
released  varieties.  In  order  to  adequately  represent  trends 
within  populations  used  by  breeders,  the  associations  of 
yield  with  the  length  of  seed  filling,  SGR,  and  1SGR  should 
be  determined  using  representative  samples  of  random 
genotypes  within  populations. 

Part  of  the  difficulty  in  studying  the  association 
between  EFP,  SGR,  and  yield  is  due  to  the  cumbersome 
methods  available  for  the  determination  of  EPP  and  SGR.  The 
many  replications  needed  to  obtain  precise  SGR  estimates 
due  to  the  large  CV's  of  dry  weight  traits  reported  by 
. (1963)  render  this  method  impractical.  Visual 
the  length  of  seed  filling  became  easy  to 
obtain  after  Pehr  and  Caviness  (1977)  defined  precise 
ontogenic  stages  for  soybeans.  However,  .the  correspondence 


of  visual  estimates  with  physiologically  defined  estimates 
of  seed  filling  duration  has  not  been  reported. 

The  influence  of  additional  plant  processes  and 
characteristics  on  EFP,  SGR,  and  ultimately  yield,  needs  to 
be  determined.  Recently,  Salado  Navarro  et  al.  (1.984) 
defined  Dry  Matter  Allocation  Coefficient  (DMAC) , as  the 
rate  of  linear  Harvest  Index  (HI)  increase.  This  new 


concept  that  accounts  for  the  rate  of  assimilates 
partitioned  from  vegetative  organs  to  seeds,  in  dry  weight 


terms,  showed  strong  and  weak  negative 
respectively,  with  the  length  of  seed  filling  and  yield. 

The  linearity  of  HI  increase  during  most  of  see 
filling  allows  for  the  characterization  of  a new  an 
potentially  useful  physiological  estimate  of  the  length  o 
seed  filling.  This  concept  is  called  Reproductive  Perio. 
Duration  (RPD),  and  is  defined  as  the  ratio  of  final  HI  b 


DMAC,  when  both  of  these  traits  are  calculated  disregarding 
fallen  leaves.  Therefore,  RPD  is  an  estimate  of  the  period 

period  of  linear  seed  growth. 

The  approach  followed  in  this  work  was  to  develop  a 
simulation  model  of  soybean  reproductive  growth  which 

factors  that  influences  yield.  Such  a model  would  also 
allow  examination  of  the  influence  of  each  factor  on  yield 
and  other  physiological  traits  independently  of  other 
factors.  A representative  sample  of  simulated  genotypes  was 


generated  through  sensitivity  analyses  of  the  model  and 
used  to  develop  hypotheses  on  the  dependence  of  yield  on 
EFP,  RPD,  SGR,  the  amount  of  initial  biomas  (IBMAS)  present 
at  the  beginning  of  seed  growth,  the  potential  maximum  net 
hexose  production  (PMAX)  of  the  crop,  and  DMAC.  The 
interrelations  among  these  factors  were  also  studied.  The 
hypotheses  developed  using  simulated  genotypes  were  then 
field  tested  for  two  years  using  two  populations  of 
determinate  soybeans. 

This  approach  has  the  advantages  of  combining  work  on 
theoretical  physiology  with  field  work.  The  implications  to 
physiology  and  breeding  of  the  model  predictions  were 
validated  through  extensive  field  work.  This  approach  has 
seldom  been  undertaken  successfully,  because  it  requires 
the  availability  of  a suitable  simulation  model  developed 
specifically  for  such  purposes. 

Objectives  of  this  work  were: 


To  determine  the  nature  and  strength  of  the 
association  of  yield  with  seed  protein  percentage 
within  and  across  environments  in  two  soybean 
populations  whose  high  protein  parents  were  also  the 
high  yielding  parents. 

To  determine  the  correspondence  between  physiological 
(EFP  and  RPD)  and  visual  (R5-R7)  estimates  of  the 
length  of  seed  filling,  and  their  stability  across 


determinate  genotypes. 


(3)  To  determine  the  strength  of  the  positive  association 


environments  using  simulated  as  well  as  selected  and 
random  field-grown  genotypes. 

[4)  To  determine  the  association  of  yield  with  ISGR  in 
field-grown  soybeans,  and  the  association  of  yield 
with  SGR  in  simulated  and  field-grown  soybeans. 

(5)  To  determine  the  associations  among  DMAC,  estimates  of 
the  length  of  seed  filling,  yield,  and  seed  protein 
percentage. 

Chapters  in  this  dissertation  generally  progress  from 
the  consideration  of  the  association  of  yield  with  seed 
protein  percentage  to  the  associations  of  yield  with 


factors  such  as  the  length  of  seed  filling,  SGR,  and  DMAC. 
Chapter  II  deals  with  yield-protein  relationships  from  a 
breeders  perspective.  The  potential  for  using  high  yielding 
parents  as  the  high  protein  parents  to  obtain  positive 
rather  than  negative  relationship  between  these  traits  is 
examined,  yield-protein  relationships  across  environments 
are  also  examined  to  determine  if  correlations  become  more 
negative  in  lower  yielding  environments. 

In  Chapter  III  comparisons  are  made  between  EFP , rpd, 
and  R5-R7  to  determine  if  these  three  estimates  could  be 
used  interchangeably.  If  they  can  be  used  interchangeably. 


r determination  o 


precise  method 


determine 


from  only 


Chree  samplings  is  presented.  Comparisons  of  the  stability 
across  environments  and  the  broad  sense  heritabilities  of 
these  estimates  of  the  length  of  seed  filling  are  also 
examined  to  determine  which  of  these  traits  would  be  the 
better  selection  criterion. 

In  Chapters  IV  through  VI.  the  influence  of  IBMAS, 
PMAX,  and  OMAC  on  the  relationships  of  yield  with  EPP  and 
SQR,  as  well  as  on  the  dependence  of  the  length  of  seed 


filling  on  OMAC,  is  examined  using  a simulation  model  o 
soybean  reproductive  growth. 

A simulation  model  of  soybean  reproductive  growth  i 
presented  in  Chapter  IV.  The  purpose  of  the  model  was  t 


examine  the  relationships  among  physiological  traits  and 
yield.  Chapter  IV  focuses  on  the  relationship  between  yield 
and  the  length  of  seed  filling  (EPP,  RPD,  and  R5-R7) , to 
determine  if  one  of  these  traits  would  be  helpful  to  select 
indirectly  for  higher  yield  in  breeding  programs . Random 
genotypes  from  two  populations  were  used  in  the  comparisons 
of  yield  with  RPO  and  R5-R7,  because  they  are  a more 
representative  sample  of  the  populations  breeders  use. 

Chapter  V deals  with  the  association  of  yield  with 
ISGR  and  SGR.  Precise  determinations  of  ISGR  on  a whole 
plant  basis  were  obtained  by  sampling  twice  (three  weeks 
after  R5  and  near  R7)  . Similarly,  SGR  estimates  precise 
enough  to  detect  significant  differences  between  genotypes 
with  few  replications  were  obtained  using  a more  practical 


currently  available 


length  of  seed  filling  and  yield,  and  the  existence  of  a 
self-destructive  mechanism  of  some  sort,  suggested  by  the 

reported.  The  possibility  that  the  higher  N seed  demand  of 
genotypes  with  higher  seed  protein  percentages  would  be  the 
driving  force  for  a self-destructive  mechanism  is  also 

Finally,  Chapter  VII  summarizes  the  main  results  of 
this  work,  and  places  the  conclusions  in  a broader  context. 
A new  theoretical  approach  to  breeding  higher  yielding 
soybeans  using  physiological  traits  is  outlined,  along  with 
a practical  approach.  The  experimental  work  needed  to  test 
the  feasability  of  the  proposed  practical  approach  is  also 
discussed. 


CHAPTER  II 

ASSOCIATIONS  BETWEEN  YIELD  AND  SEED  PROTEIN  CONCENTRATION 
WITHIN  AND  ACROSS  ENVIRONMENTS 

Introduction 

Soybean  seeds  are  an  important  protein  source.  Studies 
have  shown  that  seed  yield  and  seed  protein  percentage  are 
negatively  correlated  traits  (Johnson  and  Robinson,  1955; 
Kwon  and  Torrie,  1964;  Byth  et  a!.,  1969a;  Hartwig  and 
Hinson,  1972;  Brim  and  Burton,  19791,  with  some  exceptions 
(Byth  et  al. ,1969b;  Shannon  et  al.,  1972).  These  studies 
showing  negative  correlations  have  been  performed  using 
genotypes  derived  from  crosses  in  which  the  high  protein 
parent  was  a lower  yielding  line,  with  few  exceptions  (Brim 
and  Burton,  1979;  Shannon  et  al.,  1972). 

The  high  protein  percentage  of  some  exotic  genotypes 
may  be  simply  a manifestation  of  their  poor  adaptation.  If 
that  were  the  case,  efforts  to  obtain  high  protein  adapted 
genotypes  from  exotic  x adapted  crosses  would  be  futile 
according  to  Thorne  and  Pehr,  (1970).  However,  Hartwig  and 
Hinson  (1972)  presented  evidence  which  suggested  that  high 
protein  genes  per  se  did  not  significantly  influence  yield. 
They  concluded  that  lower  yields  resulted  from  factors 
other  than  high  protein  genes  contributed  by  the 
low-yielding,  high-protein  parents. 


If  the  negative  association  between  yield  and  seed 
protein  percentage  was  primarily  the  result  of  tight 
linkages  or  pleiotrophic  effects,  or  both,  the  chances  of 
combining  high  yield  and  high  seed  protein  percentage  would 
be  very  small.  But  if  the  high  protein  parent  was  also  the 
high  yielding  parent,  the  negative  associations  usually 
found  between  these  two  traits  may  tend  to  be  positive,  if 
linkages  were  reversed  and  assuming  little  or  no 
pleiotrophic  effect. 

Despite  significant  negative  correlations  between  seed 
yield  and  seed  protein  percentage,  it  is  possible  to 

protein  percentage  and  good  agronomic  traits,  when 
appropiate  selection  methods  are  applied  (Thorne  and  Fehr, 
1970;  Hartwig  and  Hinson,  1972;  Simpson  and  Wilcox,  19831. 
Thorne  and  Fehr  (1970)  reported  that  three-way  crosses  of 
(®xotic  x adapted)  x adapted  genotypes  produced  more 
superior  lines  for  yield  and  protein  percentage  than 
two-way  crosses  of  exotic  x adapted  genotypes.  Similarly, 
Hartwig  and  Hinson  (19721  found  that  the  chances  for 
obtaining  productive  lines  with  high  seed  protein 
percentage  were  greatly  enhanced  if  selections  were  made 
from  first,  or  even  better,  second  backcross  materials 
rather  than  from  the  basic  cross. 

Hinson  (unpublished)  observed  that  environmental 
factors  can  have  a strong  influence  in  the  negative 
association  between  yield  and  seed  pro.tein  percentage. 


High-yielding  plots  of  the  cultivars  ■Jackson'  and  'Hardee' 
had  lower  seed  protein  percentage  than  low-yielding 
drought-stressed  plots.  However,  Byth  et  al.  (1969b) 
reported  correlations  between  yield  and  seed  protein 
percentage  that  were  inconsistent  in  magnitude  and 
direction,  among  different  soybean  populations  across 
favorable  and  drought-stressed  environments.  Thus  further 
work  is  needed  to  determine  if  correlations  between  yield 
and  seed  protein  percentage  become  more  negative  in 
low-yielding  environments. 

A strong  negative  association  between  soybean  seed 
protein  and  oil  percentages  has  been  reported  by  several 
authors  (Johnson  and  Robinson,  1955;  Byth  et  al.,  1969a  and 
1969b)  Hymowitz  et  al.,  1972,-  Hartwig  and  Hinson,  1972; 
Shannon  et  al.,  1972;  Simpson  and  Wilcox,  1983).  But 
probably  due  to  the  negative  associations  between  yield  and 
seed  protein  percentage,  and  between  the  latter  and  oil 
percentage,  the  best  strategy  to  increase  the  amount 
produced  per  unit  of  land  area  of  either  protein  or  oil,  or 
both,  is  yet  to  be  determined.  Caldwell  et  al.  (1966) 
showed  that  predicted  gain  from  selection  for  total  protein 


per  unit  area  was  maximized  by  indices  of  seed  yield  or 
seed  yield  plus  protein  percentage.  The  yield  of  protein 
did  not  change  in  three  of  four  cases  when  the  seed  protein 
percentage  was  significantly  increased  by  several  cycles  of 
recurrent  selection  (Brim  and  Burton,  1979) . However,  yield 


decreased 


percentage. 


selection  for  high  seed  protein 
Future  selection  experiments  should  further 


is  more  strongly 
h seed  protein  and 


s higher  yielding 


examine  if  the  yield  of  protein  and  o 
associated  with  soybean  seed  yield  or  w: 
oil  percentages,  respectively. 

In  this  work,  soybean  genotypes  f 
which  the  high  protein  parent  was  also 
parent  were  used.  Random  genotypes  were  used  in  12  of  14 
experiments;  in  the  other  two  experiments  genotypes  were 
selected  to  represent  differences  in  yield  and  seed  protein 
percentage . 

Objectives  were:  (1)  to  determine  if  the  association 
between  yield  and  seed  protein  percentage  tends  to  be 
positive,  when  the  high  protein  parent  in  the  cross  is  also 
the  higher  yielding  parent;  (2)  to  determine  if  the 
negative  association  between  yield  and  seed  protein 
percentage  is  more  negative  in  low  yielding  e 
and  (3)  to  determine  the  strength  of  the 
between  yield  of  protein  and  oil  with  seed  yield,  and  s 
protein  and  oil  percentages,  respectively. 


Materials  and  Methods 

The  materials  used  in  these  experiments  were  92 
Maturity  Group  VII  and  VIII,  F7  soybean  genotypes  from  two 

their  parents.  These  materials  were  chosen  to  represent  two 
soybean  populations  from  the  breeding  program  of  Dr.  Kuell 


Hinson  at  Gainesville,  Florida.  Roanoke,  the  parent  common 
to  both  crosses,  is  an  old,  low-yielding  standard  seed 
protein  (40%)  variety.  Hutton  is  a moderately  high-yielding 
Haturity  Group  VIII  variety  with  approximately  43%  seed 
protein.  The  other  parent,  F66-698,  is  an  unreleased 
genotype  similar  to  Hutton  in  maturity,  that  combines 
moderately  high  yields  with  approximately  46%  seed  protein. 

Genotypes  were  random  in  12  of  14  field  experiments. 
In  all  cases  the  respective  parents  served  as  checks.  In 
1980,  1981,  and  1982  experiments  the  parents  were 
replicated  four  times,  while  the  derived  lines  were 
replicated  twice,  resulting  in  a total  of  48  entries  per 
experiment.  In  1983,  genotypes  from  both  crosses  selected 
to  represent  differences  in  seed  yield  and  seed  protein 
content,  were  combined  in  each  experiment  and  replicated 

The  test  designation  and  location  of  14  experiments 
included  in  this  work  are  presented  in  Table  2.1.  The 
following  convention  was  used  to  designate  these  tests: 
first  the  year  expressed  with  two  digits,  followed  by  the 
initial  letter  of  the  location,  the  test  number,  and  in  the 
case  of  1980,  1981,  and  1982,  by  either  the  letter  'H'  for 
the  genotypes  from  Roanoke  x Hutton,  or  'F'  for  the 
genotypes  from  Roanoke  x F66-698.  In  Test  B2-G-2-F, 
'Braxton*  a released  high  yielding  variety  of  Maturity 
Group  VII,  was  included  as  an  additional  check.  In  1983, 
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respectively. 


In  1980,  1981,  and  1982  a total  of  six  yield  tests, 
two  per  cross,  were  performed  at  the  University  of  Florida 
Agronomy  Farm,  in  Gainesville,  Florida  (29  30'  N 
latitude) . The  soil  was  an  Arredondo  fine  sand  (a  loamy 
siliceous  hyperthermic  Grossarenic  Paleudalf ) , with  a pH  of 
approximately  6.0.  The  two  1983  tests  were  conducted  at  the 
same  location  in  Gainesville,  Florida.  In  1980  and  1981  a 
total  of  four  yield  tests,  two  per  cross  were  conducted  at 
the  North  Florida  Research  and  Education  Center,  Quincy, 


Florida.  The  other  two  yield  tests  were 
University  of  Florida  Green  Acres  Farm, 

Climatological  data  for  the  1982 


are  summarized  in  Tables  2.2 
only  one  in  which  sprinkler 


rainfall  as  their  only  source  of  water. 


performed  at  the 
near  Gainesville, 

and  1983  growing 
Weather  Station 


plants  relied  on 


used.  Plots  consisted  of  four  rows  0.9  m apart,  and  6.1  m 
long,  except  for  Test  83-G-2  where  5.4  m long  rows  were 


Tests  82-G-l-H  and  82-G-2-F  were  established  on  3 and 
21  June,  respectively,  while  Tests  83-G-l  and  83-G-2  were 
established  on  16  and  22  June,  respectively.  Fields  were 
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previously  tilled  and  fertilized  with  phosphorous  and 
potassium  according  to  the  recommended  practice  for  the 

Because  previous  sowings  in  these  fields  exhibited 
good  nodulation,  no  Rhizobium  laponicum  inoculation  was 
used.  In  all  cases  good  nodulation  was  confirmed  near  the 
flowering  stage.  Seeds  were  planted  3 to  4 cm  deep  in  rows 
with  a tractor-mounted  cone  seeder  at  the  rate  of  30  seeds 
per  meter  of  row.  weeds  were  controlled  by  a broadcast 
preemergence  application  of  1.2  kg/ha  a.i.  of  alachlor,  and 
by  machine  cultivation  and  hand  weeding  during  the  growing 
season.  Soil  insects  were  preventively  controlled  with  a 
preseeding  broadcast  application  of  1.2  kg/ha  a.i.  of 
chloropyriphos.  In  both  years  insect  pests  were  controlled 
during  the  growing  season  with  applications  of  0.S  kg/ha 
a.i.  of  methomyl. 

Mature  seeds  were  harvested  with  a self-propelled  plot 
combine  from  5.0m  from  each  of  two  central  rows  per  plot 
that  had  been  previously  trimmed  at  each  end.  Seeds  were 
placed  in  labelled  cloth  bags  and  dried  for  three  hours  at 
approximately  35  C in  a forced  air  draft,  then  placed  under 
room  conditions  for  a week  until  seed  moisture  content  was 
approximately  6.53,  then  weighed.  Seed  yields  were 
expressed  in  kg/ha. 

Data  from  some  genotypes  in  the  1980  and  1981  tests 
at  Quincy  were  deleted  due  to  poor  plant  stands.  In  1980, 
seeds  from  both  replications  of  each  genotype  in  each 


experiment  were  bulked  for  protein  and  oil  determinations. 
In  all  other  cases  seed  protein  and  oil  percentages  were 
obtained  from  individual  plots.  In  all  cases,  seed  protein 
and  oil  percentages  were  determined  from  60  g samples,  at 
the  USDA  Northern  Regional  Research  Center  in  Peoria, 
Illinois,  following  their  standard  procedures. 

statistical  analyses  of  the  data  were  performed  using 
Statistical  Analysis  System  (SAS)  version  79.5  (Helwig  and 
Council  ed.,  1979).  Differences  for  yield,  seed  protein, 
and  oil  percentages  among  genotypes  within  experiments  were 
tested  by  the  analysis  of  variance  procedure  (ANOVA) , and 
compared  using  Duncan's  multiple  range  test  at  the  5 % 
significance  level.  The  analyses  of  variance  of  yield  and 
seed  protein  percentage  for  each  cross,  combined  across 
1982  and  1983,  were  performed  using  the  ANOVA  procedure 
according  to  the  model  presented  in  Table  2.4.  Environments 
(B)  and  genotypes  (6)  were  assumed  to  be  random.  Variance 
components  were  estimated  using  the  expected  mean  squares 


presented  in  Table  2.4  where 

o2Gs(M3-M4)/rl»  genetic  component, 

o GE= (M4-M5) /r=  component  due  to  genotype  x environment 
interactions,  and 


Broad  sense  heritability  for  yield  and  seed  protein 
percentage  were  estimated  according  to  the  method  proposed 
by  Allard  (1962)  as 
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H=o2G/  o2G* ( o2GE) / 1+ (o2e)/rl 

The  F ratios  proposed  by  McIntosh  (1983)  were  used  to 
test  the  different  effects  for  randomized  complete  blocks 
combined  over  experiments.  To  test  the  effect  of 
environments  when  both  environments  and  genotypes  were 
assumed  random,  the  following  degrees  of  freedom  were  used: 

a)  in  the  numerator,  df  for  environments; 

b)  in  the  denominator,  df  for  blocks  within 
environments  or  for  genotype  x environment 
(whichever  was  smaller). 

Results  and  Discussion 

Performance  of  Lines  and  Broad  Sense  Heritabilities  for 


In  all  cases,  highly  significant  differences  in  seed 
yield  and  seed  protein  percentage  were  observed  among 
random  genotypes  from  each  cross  within  experiments.  The 
only  exceptions  were  seed  protein  and  oil  percentages  in 
1980,  whose  differences  were  not  tested  because  seed 
samples  were  bulked  for  the  laboratory  determinations. 
Differences  in  yield  and  seed  protein  percentage  were  also 
highly  significant  when  selected  genotypes  from  both 

mean  and  standard  deviation  of  yield  and  seed  protein 
percentage  for  each  experiment  and  cross  are  presented  in 
Table  2.5. 
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Highly  significant  genotype  by  environment  effects 
were  observed  for  yield  and  seed  protein  percentage  among 
random  genotypes  from  each  cross  in  the  overall  analyses  of 
variance  combined  over  experiments  (Table  2.6). 

In  both  crosses,  seed  protein  percentage  had 
considerably  higher  broad  sense  heritability  than  yield. 
The  values  were  57.1  and  36.8  % for  yield  and  84.5  and  92.3 
% for  seed  protein  percentage,  respectively  among  genotypes 
from  Roanoke  x Hutton  and  Roanoke  x P66-698.  Therefore 
fewer  replications  within  and  across  environments  are 
necessary  to  select  for  soybean  seed  protein  percentage 
than  for  yield. 

In  general,  these  results  are  in  agreement  with  the 
results  of  other  authors  (Kwon  and  Torrie,  1964;  Byth  et 
al.,  1969b!  and  Shannon  et  al.,  1972),  who  found  that 
heritability  estimates  were  usually  higher  for  seed  protein 
percentage  than  for  yield. 


Associations  Between  yield  and  Seed  Protein  Percentage 

Eleven  correlations  between  yield  and  seed  protein 
percentage  were  nonsignificant.  Three  negative  correlations 
were  significant  or  highly  significant  (Table  2.5).  Similar 
phenotypic  correlation  values  between  yield  and  seed 
protein  percentage  were  reported  by  several  authors  among 
soybean  genotypes  whose  high  protein  parents  were  also  the 
lower  yielding  parents  (Johnson  and  Robinson,  1955;  Kwon 
and  Torrie,  1964)  Byth  et  al.,  1969a;  Hartwig  and  Hinson, 


. Mean  squares  from  the  analyses  of  v 
combined  over  experiments  for  yield  and  seed 
protein  percentage  among  random  genotypes  from 


df 


Percentage 


Environments 
Reps  (Env.) 
Genotypes 


Environments 

Genotypes 


Significant 


respectively. 


1972) . In  these  two  populations  correlations  between  yield 
and  seed  protein  percentage  were  similar  to  previously 
reported  results  in  sign  and  magnitude.  If  linkages  are 
important  in  negative  relationships  between  protein  and 
yield,  repulsion  phase  linkages  evidently  persisted  in 
Hutton  and  F66-698. 

The  sign  and  magnitude  of  the  correlation  between 
yield  and  seed  protein  percentage  showed  considerable 
variation  across  environments,  within  crosses  (Table  2.5) . 
The  r values  were  between  0.11  and  -0.51**  among  the 
genotypes  from  Roanoke  x Hutton,  and  between  0.14  and 
-0.37*  among  the  genotypes  from  Roanoke  x F66-698.  In 
environments  as  variable  as  these,  experiments  should  be 
replicated  across  several  environments  to  determine  the 
average  association  between  yield  and  seed  protein  content. 

Mean  yields  ranged  from  low  to  moderate  (Table  2.5). 
The  lack  of  very  low  or  high  yielding  environments 
prevented  determining  if  seed  protein  percentage  tends  to 

Associations  Between  Seed  Protein  and  oil  Percentages 

Negative  correlations  between  seed  protein  and  oil 
percentages  were  significant  and  in  most  cases  highly 
significant  (Table  2.7) . The  magnitude  of  the  negative 
correlations  were  above  r=-0.50,  except  for  Tests  80-G-l-H 
and  80-Q-l-H.  In  general,  these  results  are  in  agreement 
with  results  of  many  authors  (Johnson  and  Robinson,  1955; 
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Phenotypic  correlation  coefficients  b 
seed  protein  and  oil  percentages  in  v 
experiments . 


Experiment  Protein  Experiment  Protein 

(n»44)  vs  Oil  (n=48)  vs  Oil 


81-G-l-H 

81-Q-l-H 


Significant 


respectively. 


Byth  ec  al.,  1969a  and  1969b;  Shannon  et  al.,  1972;  Simpson 


and  oil  produced  per  unit  of  land  area  was  almost  entirely 
explained  by  the  variation  in  seed  yield  (Table  2.8).  Two 
of  14  correlations  between  yield  of  protein  on  an  area 
basis  and  seed  protein  percentage  were  significant  (Table 
2.8) . Six  of  14  correlations  between  yield  of  oil  on  an 
area  basis  and  seed  oil  percentage  were  significant,  three 
at  the  P<0.01  level.  Thus  in  general,  seed  yield  should  be 
increased  to  increase  the  amount  of  protein  produced  per 
unit  area,  while  the  amount  of  oil  produced  per  unit  area 
could  be  increased  by  either  yield  or  seed  oil  percentage 


Conclusions 

Correlations  between  seed  protein  percentage  and  seed 
yield  were  nonsignificant  or  negative  in  several 
environments  among  random  and  selected  genotypes  from  two 
crosses,  in  which  the  high-protein  parents  were  also  the 
high-yielding  parents.  Correlations  similar  in  sign  and 
magnitude  usually  have  been  reported  when  the  high  protein 
parents  of  the  crosses  are  the  lower  yielding  parents. 
Therefore,  weak  negative  associations  can  be  expected 


between  yield  and  seed  protein  percentage  if  either  higher 
or  lower  yielding  parents  are  used  as  the  high  protein 
source.  If  linkages  are  important  in  negative  relationships 
between  protein  and  yield,  repulsion  phase  linkages 
evidently  persisted  in  Hutton  and  P66-698. 

The  sign  and  strength  of  the  correlations  between 
yield  and  seed  protein  percentage  can  show  considerable 
variation  across  environments,  within  crosses.  Correlations 
ranged  from  r=0.11  to  -0.S1**  in  one  cross  and  from  r=0.14 
to  -0.37*  in  another  cross,  over  six  environments. 


Therefore  to  estimate  the  average  yield  protein 
relationship  studies  should  be  performed  across  several 


associations  between  yield  and  seed  protein 
percentage  across  low  and  medium-yielding  environments  did 
not  show  a tendency  to  become  consistently  negative  and 
stronger  when  yields  were  lower.  The  lack  of  high-yielding 
environments  prevented  adequate  testing  of  the  hypothesis 
that  seed  protein  percentage  tends  to  increase  in 
low-yielding  environments. 

In  nearly  all  cases,  yield  of  protein  and  oil  were 
almost  exclusively  a function  of  seed  yield,  and  usually 
were  not  associated  with  seed  protein  and  oil  percentages, 
respectively.  However,  in  six  of  14  eases  positive 
correlations  between  yield  of  oil  and  seed  oil  percentage 
were  significant  or  highly  significant,  but  the  r values 
were  always  considerably  lower  than  those  between  yield  of 


oil  and  seed  yield.  These  results  suggest  that  seed  yield 
should  be  increased  to  increase  the  amount  o£  protein 
produced  per  unit  of  land  area,  while  either  seed  yield  or 
seed  oil  percentage  can  be  increased  to  increase  the 
production  of  oil  per  unit  area. 


CHAPTER  III 

COMPARISONS  AMONG  EFFECTIVE  FILLING  PERIOD,  REPRODUCTIVE 
PERIOD  OORATION,  AND  R5-R7  IN  DETERMINATE  SOYBEANS 

Introduction 

Positive  associations  between  yield  and  different 
estimates  of  the  length  of  seed  filling  have  been  reported 
(Hanway  and  Weber,  1971a;  Egli  and  Leggett,  1973;  Dunphy  et 
al.,  1979).  However,  the  successful  use  of  the  length  of 
seed  filling  to  indirectly  select  for  yield  among  breeding 
lines  has  not  been  found  in  the  literature.  Thus,  selection 
for  yield  itself  appears  to  be  the  method  currently  used  by 
breeders.  The  lack  of  methods  for  a precise, 
physiologically  sound,  and  easily  obtained  estimate  of  the 
length  of  seed  filling  in  many  genotypes  prevents  its 
widespread  use.  Little  evidence  exists  concerning  the 
correspondence  between  visual  and  physiologically  defined 
estimates  of  seed  filling  duration.  Finally,  information  on 
the  repeatability  of  estimates  of  seed  filling  duration 
across  environments  would  be  useful . 

A physiological  estimate  of  the  length  of  seed 
filling.  Effective  Filling  Period  (EFP) , was  defined  by 
Daynard  et  al.  (1971)  as  the  ratio  of  mature  seed  weight  to 
seed  growth  rate,  has  been  used  to  a limited  extent  in 
soybean  research.  The  method  to  estimate  EFP  on  an 


individual  pod 


ided  to  detect 
relatively  high 


precision,  as  may  be  inferred  from  t 
al.  (1983).  Several  replications 
differences  in  dry  weight  traits  due 
CV's  usually  found  in  soybean  crop  growth  analyses. 

A simpler  method  to  allow  a precise  estimation  of  EPP 
on  a whole  plant  basis  may  expand  the  use  of  the  EPP 
concept  in  soybean  research.  Average  individual  seed  growth 
rate  (XSGR)  on  a whole  plant  basis  showed  a linear  trend 
and  low  CV's  in  several  determinate  soybean  genotypes 


(Hinson  1977,  unpublished) . In  this  case  plants  were 
sampled  at  weekly  intervals.  The  average  weight  of 
individual  seeds  on  a whole  plant  basis  was  obtained  by 
dividing  the  weight  of  seeds  from  each  plant  by  the  number 
of  seeds  present.  These  data  suggest  that  only  an  early  and 
a late  sampling  during  seed  filling  would  accurately 


obtained  from  an  additional  sampling  at  maturity.  We 
compared  EFP  values  obtained  by  this  method  to  those  from 
sequential  samplings  and  found  that  EPP  values  resulting 
from  the  two  methods  were  not  significantly  different. 

An  alternative  would  be  to  use  another  physiological 
estimate  of  the  length  of  seed  filling.  The  essentially 

soybean  seed  filling  period  (Salado  Navarro,  1982;  Spaeth 
et  al.,  1984)  allows  for  a simple,  and  physiologically 


length  of  seed  filling  based 


on  the  period  of  linear  HI  increase.  The  Dry  Matter 
Allocation  Coefficient  (DMAC) , the  rate  of  linear  HI 
increase  (estimated  disregarding  fallen  leaves!,  showed 
lower  CV's  than  seed  growth  rate  ( SGR)  on  a land  area  basis 
(Salado  Navarro  et  al.  1984).  This  characteristic  may 
confer  more  precision  to  a new  estimate  of  the  length  of 
seed  filling.  This  concept  was  called  Reproductive  Period 
Duration  (RPD) , and  defined  as  the  ratio  of  final  HI  to 
DMAC.  Therefore,  RPD  is  an  estimate  of  the  period  of  linear 
HI  increase,  much  like  EFP  is  an  estimate  of  the  period  of 


linear  seed  growth. 

Visual  estimates  of  the  length 
determined  from  ontogenic  stages  c 
Fehr  and  Caviness  (1977) . Stage  R5  i 
3 mm  in  size  appears  at  one  of  the  1 


ans  def ined 


the  main  stem  with  a fully  developed  leaf.  Stage  R7,  the 
beginning  of  maturity,  corresponds  to  the  appearence  of  a 
pod  with  mature  color  on  the  main  stem.  These  visual  stages 
are  easily  obtained  and  are  widely  used  in  the  literature. 
The  use  of  visual  estimates  of  the  length  of  seed  filling 
would  be  more  advantageous  in  breeding  programs,  if  they 
proved  to  be  physiologically  sound,  or  if  they  were  highly 
associated  with  physiological  estimates  of  the  length  of 


For  indeterminate  soybeans,  stage  R5  is  not  an 
adequate  indicator  of  the  beginning  of  linear  seed  growth 


(Spaeth  and  Sinclair,  1984a),  The  beginning  of  rapid  seed 
growth  of  Chippewa  64  showed  a sequential  pattern  from  the 
lower  to  the  upper  portions  of  the  plants,  that  lasted  for 

period.  The  timing  of  R5  with  respect  to  the  beginning  of 
linear  seed  growth  on  determinate  soybeans  has  not  been 
reported. 

The  end  of  seed  growth  or  physiological  maturity 
coincided  with  R7  in  several  genotypes  in  one  study 
(TeKrony  et  al.  198i) , but  in  another  study  (Gbikpi  and 
Crookston,  1981a)  R7  occurred  just  before  physiological 
maturity,  and  was  not  consistent  over  years.  These  studies 
were  conducted  on  indeterminate  genotypes.  The  ontogenic 
stage  R7  may  have  a different  timing  with  respect  to 
physiological  maturity  in  determinate  soybeans.  Zweifel 
(1978)  observed  that  EFP  started  several  days  after  R5  on 
determinate  genotypes. 

The  comparative  stability  of  EPP  and  R5-R7  across 
environments  would  suggest  which  of  these  traits  would  be  a 
better  selection  criterion  if  their  positive  associations 
with  yield  were  strong  and  similar.  Effective  Filling 
Period  (EFP)  is  influenced  by  pod  set  and  subject  to 
genotype  by  environment  interactions  which  may  impair  its 
usefulness  as  a selection  index  in  a breeding  program  (Egli 
and  Leggett,  1973).  If  a new  physiological  estimate  of  the 
length  of  seed  filling  based  on  final  HI  and  DMAC  were 
defined,  perhaps  it  would  be  more  stable  than-  EPP  across 


environments,  because  HI  is  a relatively  stable  trait 
according  to  several  authors  (Buttery,  1969;  Johnson  and 
Major,  1979;  Spaeth  et  al.,  1984).  The  broad  sense 
heritability  of  these  traits  will  indicate  their 
repeatability  across  environments.  Information  such  as  this 
would  help  one  decide  which  estimate  of  seed  filling 
duration  (if  any)  would  be  most  useful  in  breeding  higher 
yielding  soybeans. 

The  objectives  of  this  work  were:  (1)  to  compare  EFP 
with  a new  estimate  of  the  length  of  seed  filling  based  on 
the  period  of  linear  HI  increase  and  with  R5-R7;  (2) 
determine  the  extent  to  which  estimates  occur 
simultaneously;  and  (3)  determine  if  they  can  be  used 
interchangeably  to  characterize  seed  filling  duration  of 
determinate  soybeans  on  a whole  plant  basis.  Additional 
objectives  were  to  determine  the  comparative  stability  of 


sense  heritabilities  relative  to  yield.  This  information 
would  be  useful  to  indicate  which  of  these  traits  would  be 
a better  selection  criterion,  if  further  studies  show  that 
they  are  closely  associated  with  yield. 


Materials  and  Methods 

Partial  results  from  five  field  experiments  are 
reported  in  this  chapter.  The  materials  and  methods  for 

83-G-2  in  1983,  were  described  in  Chapter  II.  Thus  in  this 
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section  additional  procedures  dealing  with  visual 
determination  of  R5  and  R7  and  crop  growth  analyses  are 
described.  Also  a fifth  experiment,  Test  83-G-3 , which  was 
designed  to  collect  data  on  R5-R7  is  described.  Only  Test 
83-G-2  was  sprinkler  irrigated  during  the  growing  season. 

For  the  purposes  of  this  work.  Test  83-G-l  was 
designed  to  collect  data  on  seed  yield  and  the  ontogenic 
stages  R5  and  R7.  Crop  growth  analyses  were  performed  on 
the  other  experiments  (except  Test  83-G-3) , along  with  a 
determination  of  mature  seed  yield  on  a whole  plot  basis  as 
described  in  Chapter  11. 

In  both  years  average  reproductive  stages  R5  and  R7  of 
plants  in  each  plot  were  visually  determined  three  times 
per  week  using  the  methods  of  Fehr  and  Caviness  (1977) . 
Each  plot  was  sampled  twice  for  crop  growth  analysis.  The 
first  sampling  was  taken  three  weeks  after  each  genotype 
reached  R5,  and  the  last  sampling  was  taken  just  before  R7. 
In  1982,  additional  intermediate  samples  were  collected  at 
weekly  intervals  on  six  genotypes  from  each  cross  and  their 
respective  parents.  Braxton  was  also  included  among  the 
sequentially  sampled  genotypes.  Samples  consisted  of 
above-ground  portions  of  three  random  plants  taken  from 
border  rows  of  each  plot.  Each  plant  was  placed  in  a 
labelled  paper  bag,  dried  in  a forced-air  draft  oven  at 
approximately  70  C for  at  least  48  hours,  then  weighed. 
Seeds  were  separated  from  other  plant  materials  and 


weighed. 


Average  HI  of  each  plot  was  calculated  as  the  ratio  of 
seed  weight  to  plant  weight,  disregarding  fallen  leaves,  at 
the  time  of  each  sampling.  In  1982,  the  linearity  of  HI 
increase  during  seed  filling  was  tested  for  each 
sequentially  sampled  genotype.  Dry  Matter  Allocation 
Coefficient  (DMAC)  was  estimated  for  all  genotypes  in  both 
years,  using  data  from  early  and  late  sampling  dates:  three 
weeks  after  R5  and  just  before  R7.  An  additional  estimate 
of  DMAC  was  obtained  for  the  17  genotypes  from  both  crosses 
that  were  sequentially  sampled  in  1982,  using  the  procedure 
described  by  Salado  Navarro  et  al. 11984). 

Harvest  Index  of  mature  plants  was  determined  by  the 
procedure  previously  described.  Reproductive  Period 
Duration  (RPD)  of  genotypes  in  each  plot  was  calculated  as 
the  ratio  of  HI  at  maturity  to  DMAC. 

Individual  seed  growth  rate  (ISGR)  on  a whole  plant 
basis  was  obtained  from  the  genotypes  that  were 
sequentially  sampled  in  Tests  82-G-l-H  and  82-G-2-F,  and 
from  all  the  genotypes  in  Test  83-G-2.  In  1982,  two 
procedures  were  used  to  estimate  ISGR.  In  the  first  method, 
the  average  individual  seed  weight  from  three  plants  in 
each  sampling  date  and  plot  combination  was  divided  by 
their  actual  seed  numbers,  then  averaged.  Oata  on  the 
average  individual  seed  weight  from  the  sequential 
samplings  were  fitted  to  a linear  regression  model  to 
obtain  ISGR.  In  the  second  method  ISGR  was  estimated  in  a 
similar  way,  except  that  only  data  from  the  first  and  last 


sampling  dates  were  used.  This  latter  procedure  was  also 
used  to  estimate  ISGR  of  genotypes  in  Test  83-G-2.  Average 
mature  weight  o£  individual  seeds  was  determined  for  each 
plot  from  200  seeds.  Effective  Pilling  Period  was  estimated 
for  the  genotypes  that  were  sequentially  sampled  in  Tests 

82- G-l-H  and  82-G-2-P,  and  for  all  the  genotypes  in  Test 

83- G-2,  by  dividing  average  individual  weight  of  mature 

The  beginning  of  linear  seed  growth  (BLSG)  was 
calculated  as  the  day  in  which  predicted  linear  seed  growth 
intercepted  the  x axis.  The  beginning  of  linear  HI  increase 
(BLHI)  was  calculated  in  a similar  way,  as  the  day  in  which 
predicted  linear  HI  increase  intercepted  the  x axis. 

The  end  of  linear  seed  growth  (ELSG)  was  calculated  as 
the  day  in  which  predicted  seed  growth  reached  mean  mature 
seed  weight.  Similarly,  end  of  linear  HI  increase  (ELHI) 
was  calculated  as  the  day  in  which  predicted  HI  increase 
reached  the  mean  final  HI  value. 


In  1983,  Test  83-G-3  had  30  random  determinate 
genotypes  from  each  cross  Roanoke  x Hutton  and  Roanoke  x 
F66-698  including  the  respective  parents  that  were 
described  in  Chapter  II.  The  genotypes  in  Tests  83-G-l  and 
83-G-2  were  included  in  Test  83-G-3. 

Randomized  complete  blocks  with  two  replications  were 


used  in  Test  83-G-3.  Plots  were  only 
and  0.9  m apart.  The  field  experiment  i 
June  1983  in  a field  adjacent  to 


established  on  28 


University  of  Florida  Agronomy  Farm  in  Cainesville, 
Florida,  29  30'  N latitude.  The  soil  characteristics, 
general  experimental  procedure,  data  collection,  and 
analysis  were  similar  to  those  previously  described  in 
Chapter  II  for  the  other  experiments. 


Results  and  Discussion 

Linear  Harvest  Index  Increase  During  Seed  Filling 

In  1982,  HI  increased  linearly  with  time  (R2=0.97) 
during  seed  filling  in  all  17  genotypes  tested  by 
sequential  samplings.  The  only  exception  was  Roanoke,  whose 
HI  increase  showed  a slightly  lower  fit  to  the  linear  model 
(R  =0.93) . Braxton,  a released  variety  of  different 
ancestry  included  as  an  additional  check,  also  showed  a 
linear  HI  increase  (R2-0.97)  during  most  of  the  seed 
filling  period.  A linear  HI  increase  for  genotypes  of 
different  genetic  backgrounds  has  been  reported  (Salado 
Navarro,  1982;  Spaeth  and  Sinclair,  1984b).  Therefore  the 
1982  results  obtained  in  genotypes  from  two  crosses  support 
the  idea  that  linear  HI  increase  during  most  of  seed 
filling  is  a consistent  feature  of  determinate  soybeans. 
Consequently,  the  concept  of  DMAC  may  have  widespread 
application  for  determinate  soybeans,  because  it  is  based 
on  linear  HI  increase,  and  would  estimate  the  rate  of  dry 
matter  allocation  into  seeds. 


Reproductive  Period  Duration  Estimated  From  Three  Samplina 

Dates  • a 

The  highly  linear  increase  of  HI  during  most  of  seed 
filling  allowed  the  estimation  of  OMAC  from  only  an  early 
(three  weeks  after  RS)  and  a late  (near  R7)  sampling.  In 
1982  estimates  of  DMAC  for  17  genotypes,  based  on  two 
sampling  dates  and  on  sequential  sampling  throughout  seed 
filling  were  positively  associated  (r=0.93**)  and 
statistically  similar  as  measured  by  a paired  t test. 
Consequently  it  was  concluded  that  satisfactory  estimates 
of  DMAC  could  be  calculated  using  data  from  an  early  and  a 
late  sampling  during  seed  filling. 

These  results  allowed  a precise  estimation  of  RPD  from 
three  sampling  dates  (three  weeks  after  R5,  near  R7,  and  at 
harvest  maturity)  using  few  plants.  Estimates  of  rpd 
obtained  in  this  way  exhibited  relatively  low  CV’s  (between 
0.040  and  0.097)  among  the  genotypes  from  both  crosses  in 


Estimation  of  Effective  Filling  Period  From  Three  Sampling 


Average  individual 
wed  linear  growth  (R; 
all  17  genotypes  i 


allowed  the  estimation 


weight  on  a whole  plant  basis 
7)  during  most  of  seed  filling 
were  sequentially  sampled  in 
•F.  This  linear  seed  growth 


sequential  samplings 


samplings 


of  XSGR  based  on  both  sequential  samplings  and  only  two 
sampling  dates,  for  a total  of  17  genotypes  from  both 
crosses  were  positively  associated  (r=0.94**)  and 
statistically  similar  as  revealed  by  a paired  t test. 
Consequently,  it  was  concluded  that  satisfactory  estimates 
of  XSGR  on  a whole  plant  basis  could  be  calculated  using 
data  from  only  one  early  and  one  late  sampling. 

These  results  allowed  a precise  estimation  of  EFP 
through  reduced  sampling  of  a few  plants,  similar  to  the 
methodology  used  to  estimate  RPD.  Estimates  of  EFP  obtained 
in  this  way  had  relatively  low  variability.  The  CV's  ranged 
from  0.053  to  0.119  for  the  genotypes  from  both  crosses  in 


Comparisons  Among  Beginning  Linear  Seed  Growth,  Beginning 


Comparisons  among  average  BLSG  and  BLHI  estimated  on 
a whole  plant  basis,  and  R5  in  a variable  number  of 
genotypes  from  the  two  crosses  showed  a consistent  trend 
across  genotypes  and  experiments  (Table  3.1).  In  all  cases, 
average  BLSG  and  BLHI  occurred  almost  simultaneously. 
Values  were  always  within  the  P<0.05  confidence  intervals. 
Furthermore,  a strong  positive  association  between  BLSG  and 
BLHI  was  found  among  genotypes  within  experiments  (Table 
3.2).  Therefore.  BLSG  and  BLHI  were  physiological  events 
that  occurred  simultaneously  in  these  determinate  soybeans. 
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In  all  cases,  the  stage  R5  preceded  both  BLSG  and  BLHI 
by  10  to  16  days  (Table  3.1).  Therefore,  on  the  average,  RS 

whole  plant  basis.  However,  RS  showed  consistently  high 
positive  associations  (P<0.01)  with  BLSG  and  also  with  BLHI 
among  genotypes,  across  populations  and  years  (Table  3.21 . 
Therefore,  RS  was  a precise  relative,  although  not 
accurate,  indicator  of  both  BLSG  and  BLHI  on  determinate 
soybeans . 

The  occurrence  of  RS  several  days  prior  to  BLSG,  on 
determinate  genotypes,  contrasts  markedly  with  the  timing 
of  these  two  events  on  indeterminate  plants.  In  the  latter, 
R5  occurred  near  the  end  of  a sequential  period  of  about 
three  weeks  during  which  seeds  at  different  plant  levels 
initiated  seed  growth  (Spaeth  and  Sinclair,  1984a).  Thus, 
an  accurate  visual  indicator  of  the  physiological 
initiation  of  rapid  seed  growth  for  soybean  plants  remains 
to  be  determined. 

Comparisons  Among  End  of  Linear  Seed  Growth,  End  of  Linear 


In  each  experiment,  the  genotypes  reached  ELSG  an 
average  of  three  to  six  days  before  ELHI  (Table  3.1) . These 
differences  were  significant,  except  among  the  genotypes 
from  Roanoke  x Hutton  in  Test  82-G-l-H.  The  rapid  loss  of 
leaves  that  usually  occurs  towards  maturity  probably 
resulted  in  an  extended  period  of  HI  increase. 


In  all  cases,  positive  correlations  were  found  between 
ELSG  and  ELHI  among  genotypes,  within  experiments  (Table 
3.21,  but  the  correlations  were  not  consistently 
significant  across  experiments.  This  lack  of  consistency 
may  be  due  to  differences  in  the  genetic  background  of  the 
genotypes  tested,  or  to  environmental  factors,  because  in 
1982  the  genotypes  in  the  two  populations  were  planted  in 
different  field  experiments  (Tests  82-G-l-H  and  82-G-2-FI . 

In  two  out  of  three  experiments,  average  ELSG  on  a 
whole  plant  basis,  and  R7,  were  reached  almost 
simultaneously.  Their  5%  confidence  intervals  overlapped 
(Table  3.1).  The  genotypes  from  Roanoke  x Hutton  in  1982 
were  exceptions.  They  reached  ELSG  an  average  of  four  days 
later  (P<0.05)  than  R7  and  their  5%  confidence  intervals 
did  not  overlap.  This  was  the  only  case  in  which  ELSG 
showed  a weak  positive  association  with  R7  across 
genotypes.  In  the  other  two  experiments,  the  positive 
i significant  or  highly  significant  (Table 
. Contrary  to  the  findings  of  TeKrony  et  al.  (1981), 


these  inconsistent  r 


s and  associations  suggest  t 


is  not  always  an  accurate  visual  indicator  of  physiological 
maturity  in  soybean  plants.  This  inconsistency  may  be 
expected,  because  the  stage  R7  is  not  consistent  among 
genotypes  across  years  according  to  Gbipki  and  Crookston 
(1981a),  and  because  ELSG  may  be  inconsistent  among 


genotypes 


Plants  reached  ELHI  seven  to  13  days  after  they 
reached  87  (Table  3.1).  Positive  associations  between  these 
two  stages  were  not  consistently  significant  across 
experiments  (Table  3.2).  Thus  ELHI  occurred  near  R8,  and 
the  time  between  R7  and  ELHI  was  not  consistent  across 
genotypes  and  environments. 


Comparisons  Among  effective  ilir.a  Reproductive 


e three  experiments  EFP  of  genotypes  from 


both  crosses  averaged  , 
RPD  (Table  3.3).  In  t 
lengths  of  EFP  and  RPD 
probably  due  to  the  la< 


0.05)  i 


:he  other  experiment,  the  average 
were  not  significantly  different, 
ok  of  differences  observed  between 
1).  Significant  differences  for  EFP 
within  tests  were  found  only  among  the  genotypes  in  Test 
82-G-l-H.  In  all  cases,  RPD  and  R5-R7  exhibited  highly 
significant  differences  among  genotypes  within 
environments,  except  for  RPD  when  n«9  in  Test  82-G-2-F. 

Associations  between  EFP  and  RPD  were  positive  within 
experiments  (Table  3.4),  but  varied  across  experiments. 
Longer  rpd's  and  inconsistent  associations  between  EFP  and 
RPD  were  probably  due  to  differences  between  ELSG  and  ELHI, 


because  8LSG  and  BLHI  occurred  simultaneously  on 
determinate  soybeans.  In  all  cases,  EFP  and  RPD  began 
simultaneously  but  RPD  finished  at  different  times  after 


Period  Duration  ( 


Denotes  significance 
respectively. 


so 

Visual  estimates  of  the  length  of  seed  filling  (R5-R7) 
averaged  eight  to  13  days  longer  (PC0.05)  than  EFP  (Table 
3.3).  The  period  RS-R7  was  also  significantly  longer  than 
RPD,  except  for  genotypes  from  Roanoke  x F66-698  (n=9) . 
Thereto  re,  RS-R7  was  not  an  accurate  indicator  of  either 
EFP  or  RPD,  primarily  because  determinate  plants  reached  R5 
several  days  before  they  reached  BLSG  or  BLHI , and  the 
timing  of  ELSG,  ELHI  and  R7  were  usually  different. 

Correlations  of  R5-R7  with  both  EFP  and  RPD  within 
experiments  were  always  positive,  but  the  magnitude  of 
associations  were  not  consistent  across  experiments. 
Therefore,  the  visual  estimate  of  the  length  of  seed 
filling  RS-R7  was  not  a consistent  accurate  or  precise 
estimate  of  either  EFP  or  RPD  within  environments. 

Comparative  Stability  of  Effective  Filling  Period. 

The  three  estimates  of  the  length  of  seed  filling, 
EFP,  RPD,  and  RS-R7,  exhibited  highly  significant  genotype 
by  environment  interactions  among  the  six  genotypes  from 
Roanoke  x Button  that  were  studied  across  1983  and  1983 
(Table  3.5).  Therefore,  in  terms  of  stability  across 
environments,  it  appears  that  neither  RPD  nor  R5-R7  offered 
any  advantage  over  EFP.  Egli  and  Leggett  (1973)  reported 
that  EFP  was  inconsistent  across  environments,  and  for  that 
reason  they  questioned  its  usefulness  as  a selection 
criterion. 


51 


Table  3.5  Mean  Squares  from  the  analyses  of  variance 
combined  across  1982  and  1983,  for  Effective 
Filling  Period  (EFP) , Reproductive  Period 
Duration  (RPD) , and  R5-R7  of  four  selected  F7 
genotypes  and  their  parents  Roanoke  and  Hutton. 

Source  of  df  EFP"  RPD  R5-R7 

Variation 


Blocks  IEnv.1 
Genotypes 


31.40 


Significant  at  P<0.01. 


Similar  results  were  obtained  when  the  stabilities  of 
R5-R7  and  RPD  were  compared  among  larger  numbers  of 
genotypes,  within  populations  (Table  3.6).  Highly 
significant  genotype  by  environment  interactions  were 
detected  for  R5-R7  in  both  crosses,  and  for  RPD  in  one 


To  further  test  if  the  visual  estimate  of  the  length 
of  seed  filling  (R5-R7)  of  genotypes  from  two  crosses 
interacts  with  environments,  different  comparisons  across 
experiments  were  done.  In  all  cases,  highly  significant 
genotype  by  environment  interaction  effects  for  R5-R7  were 
detected  (Table  3.7).  Variability  within  experiments  for 
RS-R7  was  remarkably  low  as  the  cv  values  show. 


Broad  Sense  Heritabillties 


Effective  Filling  Period. 


The  estimate  of  broad  sense  heritability  for  EFP  was 

from  Roanoke  x Hutton.  Additional  estimates  of  broad  sense 
heritability  for  RPD  were  0 among  11  genotypes  from  Roanoke 
x Hutton  and  73. 8»  among  10  genotypes  from  Roanoke  x 
F66-698.  Additional  estimates  of  broad  sense  heritability 
for  R5-R7  were  also  inconsistent  across  tests  and  crosses 


(Table  3.8).  In  the  case  of  Roanoke  x Hutton,  the  broad 
sense  heritabilities  for  R5-R7  and  yield  were  similar,  but 
they  were  inconsistent  in  the  other  cross.  These  results 
suggest  that  the  use  of  either  physiological  (EFP  and  RPD) 
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different  experiments. 


of  seed  yield  and 


R5-R7 


Experiments 


or  visual  estimates  of  the  length  of  seed  filling,  as 
selection  criteria  should  be  practiced  across  environments 
in  order  to  be  effective. 

Conclusions 

The  linearity  of  HI  increase  among  several  determinate 
soybean  genotypes  from  two  crosses  was  confirmed. 
Consequently,  the  concept  of  DMAC,  the  rate  of  linear  HI 
increase  (estimated  disregarding  fallen  leaves!,  may  have 
widespread  application  for  determinate  soybeans.  Such 
results  allow  for  a potentially  useful  and  physiologically 
sound  characterization  of  the  length  of  seed  filling. 
Reproductive  Period  Duration  (RPD1 , the  ratio  of  final  HI 
to  DMAC,  is  an  estimate  of  the  length  of  the  period  of 
linear  HI  increase  much  like  EPP  is  an  estimate  of  the 
duration  of  linear  seed  growth. 

Estimates  of  DMAC  and  ISGR  on  a whole  plant  basis 
obtained  from  only  one  early  and  one  late  sampling  date 
were  equivalent  to  estimates  obtained  from  sequential 
samplings  performed  throughout  seed  filling.  Reproductive 
Period  Duration  and  EPP  with  relatively  low  CV’s  were 
calculated,  respectively  from  DMAC  and  ISGR  obtained  from 
three  samplings. 


simultaneously  on  determinate  genotypes  from  two  crosses. 
Plants  reached  R5  10  to  16  days  before  either  BLSG  or  BLHI , 
but  associations  among  these  three  stages  were  positive  and 


strong  (P<0.01) . Although  RS  was  an  inaccurate  indicator  of 
BLSG  and  BLHI  on  determinate  genotypes,  it  was  an 
acceptably  precise  relative  measure. 

ELSG  in  each  genotype-environment  combination.  In  two  of 
three  cases,  differences  were  significant.  Stage  R? 
coincided  with  ELSG  in  two  of  three  experiments. 

Two  physiological  estimates  of  the  length  of  seed 
growth  (EFP  and  RPD)  were  positively  associated  but  varied 
in  degree  of  association.  They  started  at  the  same  time, 
but  RPD  finished  up  to  one  week  after  EFP. 

The  period  R5-R7  was  8 to  13  days  longer  than  EFP,  and 
slightly  longer  than  RPD.  The  visual  estimate  of  the  length 
of  seed  filling  RS-R7,  was  not  a consistent,  precise,  and 


Estimates  of  broad  sense  heritabilities  for  EFP,  RPD, 
and  R5-R7  were  inconsistent.  They  were  similar,  and 
sometimes  lower,  than  for  yield.  Therefore,  the  use  of  EFP 
RPD  or  R5-R7  as  selection  criteria  in  soybean  breeding, 
appears  to  be  somewhat  limited.  Also,  selection  for  longer 
seed  filling  periods  would  have  to  be  practiced  across 
environments,  in  order  to  be 


effective. 


CHAPTER  IV 

ASSOCIATIONS  BETWEEN  YIELD  AND  FILLING  PERIOD  ESTIMATES 
I ELD  GROWN  SOYBEANS 


AMONG  SIMULATED  A 


Introduction 


Hanway  and  Weber  (1971a)  found  that  seed  yield  was 
more  a function  of  the  length  of  seed  development  than  of 
the  rate  of  seed  growth  on  a land  area  basis,  among  eight 
soybean  genotypes.  Egli  and  Legget  (1973)  found  a positive 
association  between  Effective  Filling  Period  (EFP)  and  seed 
yield  of  two  genotypes.  Based  on  similar  results.  Gay  et 
al.  (1980)  suggested  that  yield  improvement  in  the  future 
may  be  possible  by  lengthening  the  filling  period.  However, 
the  use  of  estimates  of  the  length  of  seed  filling  in 
breeding  programs  to  indirectly  select  for  higher  yielding 
soybeans  has  not  been  reported. 


Visual  estimates  of  the  length  of  seed  filling  are 
easily  determined.  Probably  for  that  reason  reports  on 
their  association  with  yield  are  often  found  in  the 
literature,  especially  after  Fehr  and  Caviness  (1977) 
described  specific  developmental  stages.  The  period  R4-R7 
showed  consistent  positive  associations  with  soybean  yields 
among  numerous  genotypes  in  different  environments  (Dunphy 
et  al.  1979).  Zweifel  (1978)  found  a highly  significant 
positive  association  between  R5-R7  and 


late-maturing  genotypes.  Boote  (1981)  reported  a positive 

early-planted  genotypes  from  different  maturity  classes. 
However,  in  three  out  of  four  experiments,  yields  began  to 
plateau  at  the  longest  filling  periods.  Various  visual 
estimates  of  the  length  of  seed  filling  exhibited  low 
variability  (CV=0.019  to  0.041)  and  were  positively 
associated  (P<0.01)  with  yield  among  genotypes  with 
different  seed  protein  content  (Salado  Navarro  and  Hinson, 

In  studies  where  positive  associations  between  yield 
and  different  estimates  of  the  length  of  seed  filling  were 
found,  associations  were  not  consistently  strong.  While 
Dunphy  et  al.  (1979)  found  that  the  period  R4-R7  was  the 
most  highly  associated  with  yield  among  numerous  genotypes, 
the  correlation  coefficients  ranged  from  0.18  to  0.54. 
Salado  Navarro  and  Hinson  11983)  found  that  only  about  30  t 
of  the  yield  differences  were  explained  by  differences  in 
visual  estimates  of  the  length  of  seed  filling. 

In  the  studies  cited,  associations  between  yield  and 
different  estimates  of  the  length  of  seed  filling  usually 
were  determined  on  unrelated  genotypes  that  had  already 
been  selected  for  high  yield,  i.e.  released  varieties.  In 
order  to  adequately  represent  trends  within  populations 
used  by  breeders,  associations  between  yield  and  the  length 
of  seed  filling  should  be  determined  on  representative 
samples  of  random  genotypes  within  crosses. 


Angarita-Macias  (1902)  observed  that  correlations 
between  yield  and  R5-R7  were  negligible  (r-0.03,  n=10; 
r=0.06,  n«10j  and  r=0.18,  n»10)  among  three  groups  of 
random  soybean  genotypes.  If  these  results  were  confirmed 
among  random  genotypes  in  other  genetic  backgrounds, 
indirect  selection  for  yield  using  .estimates  of  the  length 
of  seed  filling  would  be  questionable  in  soybean  breeding. 

The  strength  of  the  association  between  yield  and  the 
length  of  seed  filling  remains  important,  however,  even 
though  the  existence  of  genotype  by  environment 
interactions  presented  in  Chapter  III  limits  their 
practical  application,  ultimately,  seed  yield  is  a function 
of  the  rate  of  seed  dry  weight  accumulation  on  a land  area 
basis  (SGR) , and  of  the  duration  of  this  process. 

Another  approach  to  study  the  dynamic  interrelations 
of  factors  on  plant  growth,  including  SGR  and  duration,  is 
the  use  of  simulation  models  specifically  developed  for 
certain  purposes  (Baker,  i960;  Penning  de  Vries  and  van 
Laar,  1982).  Several  simulation  models  have  been  developed 
with  different  purposes  for  soybeans  and  other  crops 
(Baker,  1980)  . However,  many  of  them  are  complex,  or  have 
been  developed  to  study  crop  management  strategies.  A 
simple  simulation  model  that  incorporates  the  concept  of 
the  rate  of  dry  matter  allocation  into  seeds  (DMAC)  was 
constructed.  The  primary  purpose  of  the  model  was  to 
examine  hypotheses  that  have  implications  in  soybean 
breeding,  rather  than  trying  to  mimic  soybean  growth.  An 


important  assumption  of  the  model  used  here  is  that  events 
prior  to  seed  growth  limit  soybean  yields  only  to  the 
extent  that  vegetative  dry  matter  restricts  the  production 
and  development  of  seed. 

The  use  of  a simulation  model  would  allow  the 
examination  of  the  type  and  strength  of  the  association 
between  yield  and  the  length  of  seed  filling,  and  also 
would  suggest  additional  physiological  traits  which  may 
influence  the  nature  and  strength  of  this  relationship. 

A dual  approach  was  taken  to  examine  the  relationship 
between  yield  and  seed  filling  duration  in  soybeans.  First, 
a simulation  model  of  soybean  reproductive  growth  was 
developed,  and  a simulated  set  of  soybean  genotypes  was 
generated  through  sensitivity  analyses  of  the  model.  The 
set  of  simulated  genotypes  was  assumed  to  be  representative 
of  a population  of  soybean  genotypes.  Hypotheses  about  the 
type  and  strength  of  the  association  between  yield,  EFP, 
and  RPD  were  developed  using  the  simulated  genotypes. 
Second,  resulting  hypotheses  were  field  tested  using  random 
genotypes  from  two  crosses  in  one  year,  and  in  another 
year,  genotypes  used  were  selected  to  represent  differences 
in  yield  and  seed  filling  period  duration.  Additional 
objectives  were  to  determine  the  nature  and  strength  of  the 
association  between  yield  and  R5-R7  within  and  across 
environments,  using  field-grown  soybeans. 


Materials  and  Methods 

Model  Development 

This  model  was  developed  to  examine  the  association 
among  dif£erent  traits  and  physiological  processes  and 
their  relationship  with  yield,  in  order  to  study  hypotheses 
that  have  potential  implications  in  breeding  higher 
yielding  soybeans.  The  model  was  intended  to  simulate 
soybean  reproductive  growth  under  non-stressed 
environmental  conditions,  which  were  assumed  uniform 
throughout  the  seed-filling  period.  Thus  the  rate  of 
potential  maximum  net  hexose  available  for  crop  production 
(PMAX) , after  respiration,  was  maintained  constant 
throughout  seed  filling.  We  used  PMAX's  of  150,  200  and  250 
kg/ha  x day  of  hexose.  The  last  two  values  correspond  to 
the  average  values  reported  by  Sinclair  and  de  Wit  (1976). 

The  model  simulates  soybean  crop  growth  from  the 
beginning  of  linear  HI  increase  (estimated  disregarding 
fallen  leaves)  until  maturity,  it  was  assumed  that  events 
prior  to  that  period  influence  primarily  the  amount  of 
vegetative  biomass  at  the  beginning  of  seed  growth  (1SMAS) , 

Por  that  reason  IBMAS  is  used  as  a model  input.  Values  for 
IBMAS  used  in  the  simulations  were  between  3500  and  5500  kg 
of  dry  weight/ha,  which  correspond  to  values  found  by 
Zweifel  (1978) , and  Salado  Navarro  (1982) . 


It  was  assumed  that  leaflets  account  for  33%  of  IBMAS , 
the  rest  being  petioles  and  stems.  Leaf  area  index  (LAI) 
was  calculated  as  the  ratio  of  leaflet  dry  weight  to 
specific  leaf  weight  . An  average  specific  leaf  weight  of 
0.4  g dry  weight/dm2  of  leaf  area  was  used  to  obtain  LAI 
throughout  seed  filling. 


The  energy  conversion  efficiencies  derived  by  Penning 
de  Vries  (1975)  to  produce  carbohydrate,  protein  (with 
nitrate  as  the  nitrogen  source),  lipid,  and  lignin  from 
glucose  were  used  to  transform  hexose  production  into 
vegetative  tissues  and  seeds.  It  was  assumed  that  protein 
has  16%  N,  and  the  content  of  N in  leaflets  was  set  at  4.5% 
based  on  data  from  Young  et  al.  (1979).  Petioles  and  stems 
were  assumed  to  have  2.5  and  2.0%  N,  respectively,  based  on 
data  by  Hanway  and  Weber  (1971  c| . Protein  formed  from 
nitrates  or  from  symbiotic  nitrogen  fixation  were  not 
discriminated,  because  the  energy  efficiencies  from  both 
sources  are  similar  according  to  Hardy  and  Havelka  (1975). 
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used  by  Sinclair  and  de  Wit  (1976) . 

Another  model  input  is  the  rate  of  HI  increase 
(estimated  disregarding  fallen  leaves),  DMAC,  as  defined  by 
Salado  Navarro  et  al.  (1984),  which  is  maintained  constant 
throughout  seed  filling.  The  range  in  DMAC  used  was  between 
0.011  and  0.015  day-1  because  similar  values  were  reported 
by  these  authors  on  some  genotypes  under  good  growing 
conditions. 

Model  description 

A simple  model  written  in  BASIC  was  developed  to 
account  for  the  dynamic  balance  of  carbon  and  other 
nutrients  during  soybean  seed  growth,  on  an  energy 
equivalent  basis  (Appendix  I) . Rectangular  integration  is 
performed  to  upgrade  each  state  variable  with  a time 
interval  of  0.1  day,  and  the  model  outputs  the  state  of  the 
system  on  a daily  basis  with  the  values  of  each  variable 
expressed  in  kg/ha.  The  initial  inputs  to  the  model  are 
IBMAS,  PMAX,  and  DMAC.  The  values  of  the  initial  inputs 
used  in  the  sensitivity  analyses  are  presented  in  Table 

The  first  step  in  the  flow  diagram  of  the  system 
(Fig.  4.1)  is  to  calculate  the  daily  rate  of  net  hexose 
production  of  the  crop  (HCGR)  which  is  available  for  tissue 
synthesis  after  respiration.  In  this  case  the  exponential 
formula  based  on  PMAX  and  LAI  derived  by  Sinclair  and  de 
used  to  calculate  HCGR.  Hexose  production  is 
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Figure  4.1  Flow  diagram  of  the  model  of  soybean 
reproductive  growth. 
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vegetative  biomass  using  energy  equivalent 
values  to  form  a vegetative  dry  matter  pool. 

Total  seed  growth  rate  (SGR)  on  a dry  weight  basis 
(kg/ha  x day)  is  estimated  through  successive  iterations, 
as  a function  of  the  current  plant  dry  weight  and  DMAC.  A 
predictor-corrector  subroutine  searches  for  a SGR  value 
that  allows  DMAC  to  remain  constant,  within  a given  error 
tolerance.  The  resulting  pattern  of  seed  dry  weight 
accumulation  follows  a logistic  curve  with  a long  linear 
phase.  An  amount  proportional  to  SGR  on  an  energy 
equivalent  basis  is  then  subtracted  from  the  vegetative  dry 
weight  pool.  This  feature  allows  the  simulation  of  the 
effect  of  different  compositions  of  vegetative  organs  as 
well  as  seed  on  other  traits  and  processes  by  simply 
changing  the  energy  equivalent  ratios. 


Any  time  SGR  is  smaller  than  HCGR  on  an  energy 
equivalent  basis,  the  vegetative  dry  matter  pool  is 
increased  accordingly.  It  was  assumed  that  a negligible 
amount  of  leaf  growth  takes  place  during  most  of  seed 
growth.  Therefore,  increases  in  the  vegetative  dry  matter 
pool  (if  any)  during  seed  filling,  increase  stem  dry 
weight. 


equivalent 

vegetative 


SGR  is  often  greater  than  HCGR  on  an  energy 
basis  in  soybeans,  there  is  a net  loss  of 
materials  through  translocation  of  assimilates 
To  account  for  the  loss  of  assimilates  from 


vegetative  organs. 


destroys  proportional 


increments  of  leaf  area,  petioles,  and  stems  on  the  basis 
of  the  energy  equivalent  units  of  those  tissues  instead  of 
the  N basis  used  by  the  ' 'self-destruct' ' model  by  Sinclair 
and  de  Wit  (1976). 

It  was  assumed  that  leaflet  dry  weight  decline 
accounts  for  about  669  of  the  vegetative  dry  weight  decline 
that  occurs  during  seed  filling,  in  terms  of  their  energy 
equivalent  units.  In  that  percentage  figure  are  included 
the  assimilates  translocated  to  seeds,  as  well  as  the 
portion  that  is  irrecoverably  lost  as  fallen  leaves  that 
were  assumed  to  be  209  of  the  total  dry  weight  decline. 
These  assumptions  are  based  on  the  higher  nitrogen  content 
of  leaflets  compared  with  petioles  and  stems  (Hanway  and 
Weber,  1971  c) , and  because  leaflet  dry  weight  loss 
accounts  for  approximately  half  of  the  vegetative  dry 
weight  loss  during  seed  filling  (Hanway  and  Weber,  1971  b) . 

Simulations  are  allowed  to  proceed  until  the  available 
LAI  is  totally  depleted;  at  that  point  it  is  assumed  that 
maturity  has  been  reached.  The  model  then  outputs  the  final 
status  of  the  system.  The  duration  of  seed  filling, 
calculated  by  the  model,  is  Reproductive  Period  Duration 
(RPD) . Effective  Pilling  Period  can  be  calculated,  then,  as 
the  ratio  of  final  seed  weight  to  the  SGR  observed  during 
the  linear  portion  of  seed  growth. 

A total  of  45  simulated  soybean  genotypes  was 
generated  through  sensitivity  analyses  of  the  simulation 
model  of  soybean  reproductive  growth,  using  the  initial 


inputs  presented  in  Table  4.1.  Data  on  the  simulated 
genotypes  were  fitted  to  a linear  regression  model  to 
examine  the  type  and  strength  of  the  association  among  seed 
filling  duration  estimates,  other  physiological  traits,  and 


Field  Experiments 

The  hypotheses  resulting  from  the  simulations  were 
field-tested  using  partial  data  from  a total  of  15 
experiments. The  materials  and  methods  for  all  of  them  were 
described  in  Chapters  II  and  III.  Thus,  in  this  section 
only  additional  procedures  will  be  detailed. 

Yield  data  from  ten  experiments  performed  at  the 
Agricultural  Research  and  Educational  Center,  Quincy, 
Florida,  and  Gainesville,  Florida  in  1980  and  1981,  and  at 
Green  Acres  Farm  near  Gainesville,  Florida  in  1982  were 
used.  Additional  data  for  yield  and  other  traits  detailed 
in  Table  4.2,  from  five  other  experiments  performed  at 
Gainesville,  Florida  in  1982  and  1983  were  also  used. 
Irrigation  was  used  to  supplement  rainfall  in 
(Test  83-G-2) . 


Table  4.2.  Variables  measured  in  the  experiments  at 
Gainesville,  Florida,  in  1982  and  1983. 
“Test  Number  of  Variables 

Genotypes 


and  Discussion 

Single  Factor  Analysis  of  Yield  as  a Function  of  the  Model 

To  examine  the  dependence  of  yield  on  model  inputs 
(I3MAS,  PMAX,  and  DMAC) , a single  factor  analysis  was 
performed  using  simulated  genotypes.  By  doing  so.  it  is 
possible  to  determine  the  dependence  of  yield  on  one  input 
at  a time,  while  the  others  are  held  constant  (Figs. 
4.2.1,  4.2.2,  and  4.2.3).  At  a constant  1BMAS  (4500  kg/ha), 
yield  shows  a nearly  linear  increase  with  PMAX  increases, 
and  higher  yields  correspond  to  the  lower  DMAC  values  (Fig. 
4.2.1a).  yield  declines  with  increases  in  DMAC,  and  the 
higher  yields  correspond  to  the  higher  PMAX  levels  (Fig 
4.2.1b).  Similarly,  at  a given  PMAX  (200  kg/ha  x day), 
yield  increases  with  1BMAS,  and  higher  yields  correspond  to 
lower  DMAC  values  (Fig.  4.2.2al , while  yield  declines  with 
DMAC  and  higher  yields  correspond  to  higher  XBMAS  levels. 
Finally,  at  a given  DMAC  (0.013  day-1),  yield  increases 
with  increases  in  either  IBMAS  'or  PMAX  levels  (Fig.  4.2.3a 
and  4.2.3b). 

The  above  results  will  be  useful  in  formulating 
strategies  to  increase  soybean  yield  through  breeding 
(Chapter  VII). 
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Figure  4.4.  Seed  yield  as  a function  of  Effective 
Filling  Period  (EFP),  among  selected 
F7  soybean  genotypes  from  Roanoke  x 
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Seed  yield  as  a function  of  Effective 
Pilling  Period  (EFP) , among  selected 
F7  soybean  genotypes  from  Roanoke  x 
Hutton  and  Roanoke  x F66-698,  in 
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Seed  yield  as  a function  of  Reproductive 
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Figure  4.10.  Seed  yield  as  a function  of  Reproductive 
Period  Duration  (RPD) , among  F7  soybean 
genotypes  from  Roanoke  x Hutton  and 
Roanoke  x F66-698,  in  Test  83-G-2 


The  relationship  between  yield  and  R5-R7  provided 
additional  evidence  £or  weak  positive  associations  between 
yield  and  the  length  of  seed  filling  period  among  random 
genotypes.  In  1982,  the  linear  regression  of  yield  as  a 
function  of  R5-R7  among  random  genotypes  from  two  crosses 
predicted  a small  portion  of  the  yield  differences  (Pig. 
4.11  and  4.12).  The  slopes  of  the  predicted  lines  were  not 
significantly  different  from  zero.  Similar  results  were 
observed  in  1983,  when  the  genotypes  studied  were  selected 
to  represent  yield  and  seed  filling  differences.  Although 
in  these  cases  the  associations  between  yield  and  R5-R7 
were  highly  significant,  only  about  40*  of  the  yield 
variation  was  explained  by  the  linear  regression  model 
(Pig.  4.13  and  4.14).  In  all  cases,  genotypes  with  high  and 
low  yields  were  found  when  the  periods  R5-R7  were  longer. 
Therefore,  selection  for  long  R5-R7  would  not  have 
necessarily  implied  selection  for  higher  yields. 

Since  yield  is  a function  of  SGR  and  the  duration  of 
seed  filling,  these  results  indirectly  suggest  that  SGR  may 
be  more  important  than  the  length  of  seed  filling  in 
determining  the  yielding  ability  of  random  genotypes. 

Factors  Influencing  the  Association  Between  Seed  Yield  and 


In  order  to  examine  which  factors  influenced  the  weak 
positive  associations  between  yield  and  different  estimates 
of  seed  filling  duration  observed  within  experiments,  the 
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Figure  4.11.  Seed  yield  as  a function  of  the  period 
R5-R7  among  random  F7  soybean  genotypes 
from  Roanoke  x Hutton  in  Test  82-G-l-H. 
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Pigure  4.12.  Seed  yield  as  a function  of  the  period 
R5-R7  among  random  F7  soybean  genotypes 
from  Roanoke  x F66-698  in  Test  82-G-2-H. 
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Figure  4.14.  Seed  yield  as  a function  of  the  period 
R5-R7  among  F7  soybean  genotypes  from 
Roanoke  x Hutton  and  Roanoke  x F66-698 
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The  Dry  Matter  Allocation  Coefficient  exhibited  strong 
and  weak  negative  influences,  respectively,  in  the  length 
of  EPP  and  yield  among  simulated  genotypes  (Pig.  4.15). 
Field  results  showed  close  agreement  with  the  simulations. 
In  all  cases,  negative  correlations  were  highly  significant 
between  DMAC  and  filling  period  estimates  and 
nonsignificant  between  DMAC  and  yield.  A detailed  analysis 
of  field  data  on  this  subject  is  presented  in  Chapter  VI. 

Within  a given  DMAC  level,  increases  in  IBMAS  and  PMAX 
produced  sharp  yield  increases,  but  EPP  remained 
essentially  constant  among  simulated  genotypes  (Fig.  4.15). 
Field  results  from  two  years  support  this  hypothesis 
(Chapter  VI) . Therefore,  the  weak  positive  associations  of 


filling  observed  among  simulated  and  field  grown  soybean 
genotypes  within  environments  were  probably  caused  by  the 
differential  influences  of  IBMAS,  PMAX,  and  DMAC  on  yield 


Factors  influencing  the  association 
between  seed  yield  and  Effective 
Filling  Period  (EFP)  among  simulated 
genotypes . 
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The  correlations  between  yield  and  EFP  were 
nonsignificant  and  inconsistent  across  environments  (years) 
among  the  genotypes  from  Roanoke  x Hutton  (Table  4.3|  . 
Yield  in  1983  was  positively  correlated  with  EFP  estimated 
in  1982,  but  yield  in  1982  was  negatively  correlated  with 
EFP  estimated  in  1983.  Thus,  EFP  was  a poor  predictor  of 
yield  across  environments,  as  it  was  within  environments. 

Similarly,  the  associations  between  yield  and  RPD 
were  nonsignificant  across  years  and  crosses  (Table  4.4). 
Therefore,  RPD  was  a poor  predictor  of  yield  across  as  well 
within  environments. 

The  lack  of  repeatability  of  RPD  estimates  across 
environments  (years)  was  suggested  by  the  nonsignificant 
correlations  between  RPD  estimates  across  1982  and  1983  in 
both  crosses  (Table  4.4).  Therefore,  yield  from  each  year 
was  a better  and  more  consistent  predictor  of  yield  across 
years  than  RPD,  among  the  genotypes  from  both  crosses. 

The  correlations  between  yield  and  RS-R7  across  1982 
and  1983  were  either  nil,  or  positive  and  nonsignificant 
among  the  genotypes  from  both  crosses  (Table  4.5).  The  only 
exception  was  the  nonsignificant  negative  correlation 
between  RS  -R7  estimated  in  1982  and  yield  in  Test  83-G-l. 

Estimates  of  R5-R7  showed  low  positive  or  no 
correlation  across  1982  and  1983  among  the  genotypes  from 
4.5).  These  results  were  probably  due 
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Phenotypic  correlation  coefficients  (r)  between 
seed  yield  and  Effective  Filling  Period  (EFP) 
across  1902  and  1983,  among  six  selected  F7 
soybean  genotypes  from  the  cross  Roanoke  x 
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Table  4.4.  Phenotypic  correlation  coefficients  (r)  between 
seed  yield  and  Reproductive  Period  Duration 
IRPD)  across  1982  and  1983,  among  selected  F7 
soybean  genotypes  from  two  crosses. 


Traits  1982  Yield  1983  Yield  1983  RPD 


Roanoke  x Hutton  (n=ll) 


Roanoke  x F66-698  |n»10) 


at  p<0.05. 


Significant 


Table  4.5.  Phenotypic  correlation  coefficients  (r)  between 
yield  and  R5-R7  across  1982  and  1983  among  P7 
soybean  genotypes  from  two  crosses. 


Significant 


to  the  highly  significant  (P<0 .01)  genotype  by  environment 
interactions  for  R5-R7  detected  among  the  genotypes  from 
both  crosses  and  reported  in  Chapter  III.  Seed  yields 
showed  consistent  positive  associations  across  1982  and 
1983  within  crosses  (Table  4 . S ) . Therefore,  in  general, 
yields  in  either  1982  or  1983  were  better  although  not 
precise  indicators  of  yield  across  years  than  R5-R7  among 
the  genotypes  from  both  crosses. 


criterion 


Florida 


t further  if  R5-R7  could  be  used  a 
to  predict  the  yield  performance  across 
among  random  genotypes,  yield  data  from 
i experiments  performed  at  Gainesville  and  Quincy, 
and  1981  were  correlated  with  R5-R7 
same  random  genotypes  at  Gainesville, 
Florida,  in  1982  and  1983.  Again,  the  presence  of 
inconsistent  correlations  between  yield  and  R5-R7  across 
environments  was  observed  (Table  4.6).  Correlations  were 
either  low  positive  or  negative,  or  nonexisting  among  the 
genotypes  from  both  crosses.  Similarly,  correlations  of 
average  yields  across  six  environment  year  combinations  and 
85-R7  measured  in  1982  and  1983  were,  respectively,  r»— 0.01 
n=35  and  0.07  n=25,  for  the  genotypes  from  Roanoke  x 
Hutton,  and  r=-0.02  n=40  and  0.16  n-2S  for  the  genotypes 
from  Roanoke  x F66-698.  These  results  suggest  that  the  use 
of  R5-R7  estimates  obtained  in  any  one  year  to  predict 
yield  of  random  genotypes  across  years  is  not  feasible.  It 
the  length  of  seed  filling  would 
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have  to  be  combined  with  at  least  another  yield-determining 
trait,  in  order  to  be  a useful  selection  criterion  in 
breeding  for  higher  yielding  soybeans. 


Conclusions 

Simulation  studies  and  field  experiments,  performed 
with  random  F7  soybean  genotypes  from  two  crosses  in  two 
years,  showed  that  weak  positive  associations  can  be 
present  between  yield  and  both  EFP  and  RPD  within 
environments.  The  linear  regression  model  of  yield  as  a 
function  of  either  EFP  or  rpd  explained  small  portions  of 
the  yield  differences  among  genotypes  within  environments. 

In  all  cases,  similar  weak  positive  relationships  were 
observed  between  yield  and  R5-R7  within  environments. 
Correlations  were  positive  and  sometimes  significant 
(P<0.05  to  p<0.01).  However,  the  linear  regression  model  of 
yield  as  a function  of  R5-R7  explained  only  small  portions 


environments.  Therefore,  selection  for  long  filling  periods 
(EFP,  RPD,  and  R5-R7)  did  not  necessarily  imply  selection 
for  higher  yields  within  environments.  These  results  are 
interpreted  to  suggest  that  seed  growth  rate  on  a land  area 
basis  may  be  a more  important  yield-determining  factor  than 
filling  period  duration. 

Simulations  indicated,  that  weak  positive  associations 
between  yield  and  physiological  estimates  of  seed  filling 


duration 


expected. 


differential  influence 


and  seed  filling  duration.  The  highest  yield  was  observed 
in  the  simulated  genotype  with  the  longest  EFP,  highest 
IBMAS  and  PMAX,  and  lowest  DMAC  levels. 

Inconsistent  and  low  correlations  between  yield  and 
estimates  of  the  filling  period  (EFP.RPD,  and  R5-R7)  were 
observed  across  environments.  Therefore,  it  appears  that 
the  prospects  of  utilizing  the  length  of  seed  filling  as  a 
selection  criterion  to  select  for  higher  yields  among 
breeding  lines  are  rather  limited. 


CHAPTER  V 

ASSOCIATIONS  BETWEEN  YIELD  AND  SEED  GROWTH  RATES  ON  AN 
INDIVIDUAL  SEED  AND  LAND  AREA  BASIS 

Introduction 

Final  seed  yield  of  a crop  results  from  the 
interaction  of  a large  number  of  processes  that  take  place 
throughout  the  growing  cycle.  Individual  Seed  Growth  Rate 
(ISGR)  is  a process  that  integrates  many  other  processes 
and  contributes  to  seed  yield.  However,  Egli  (1975)  found 
that  ISGR  estimated  during  the  linear  phase  of  seed  growth 
was  not  an  important  yield-determining  factor  among  four 
soybean  cultivars.  He  found  significant  differences  in  ISGR 
among  cultivars,  and  a negative  but  nonsignificant 
correlation  between  yield  and  ISGR.  Number  of  seeds  per 
unit  area  was  an  important  trait  correlated  with  yield 
within  and  across  environments. 

Roller  (1971)  found  that  once  the  linear  phase  of  seed 
growth  had  started,  ISGR  was  not  affected  by  short-term 
environmental  stresses  which  resulted  in  reduced  assimilate 
production.  Defoliation  and  depodding  experiments  of  Egli 
and  Leggett  (1976)  showed  that  assimilates  stored  in 
vegetative  tissues  served  as  buffers  to  maintain  near 
constant  ISGR  for  several  weeks.  These  results  suggest  that 
the  rate  of  soybean  seed  growth  within  environments  was 
controlled  to  a large  extent  by  mechanisms  within  the  seed. 


Environmental  factors  may  also  influence  ISGR.  Egli 
(1975)  reported  considerable  variation  among  some  cultivars 
in  ISGR  across  planting  dates.  Lower  ISGR  were  observed  by 
Egli  et  al.  (1978)  in  various  soybean  cultivars  in  a year 
when  lower  temperatures  were  present.  Lower  temperatures 
also  reduced  peanut  fruit  growth  rates  under  controlled 
conditions  (Dreyer  et  al.,  1981).  Thus  differences  in  ISGR 
across  environments  should  be  expected.  Further  studies 
should  provide  information  on  the  existence  of  genotype  by 
environment  interactions  for  ISGR. 

Soybean  genotypes  with  larger  seeds  exhibited  higher 
ISGR,  but  ISGR's  were  relatively  constant  across  early  and 
late  formed  pods  (Egli  et  al.,  1978).  In  other  cultivars, 
however,  late  maturing  seeds  consistently  had  faster  ISGR 
(Gbikpi  and  Crookston,  1981b) . The  timing  of  ISGR 
initiation  was  sequential  in  pods  from  different  strata 
within  plants  in  an  indeterminate  genotype  (Spaeth  and 
Sinclair,  1984a) . Therefore,  ISGR  should  be  determined  on  a 
whole  plant  basis,  if  meaningful  comparisons  between 
genotypes  are  to  be  made. 

Seed  growth  rate  on  a land  area  basis  (SGR)  as 
contrasted  with  ISGR,  is  the  product  of  ISGR  times  the 
number  of  seeds  that  are  actually  growing  per  unit  area. 
Therefore,  seed  yield  results  directly  from  SGR  and  the 
length  of  time  this  process  is  maintained  by  the  plant.  The 
relationship  between  SGR,  the  process  that  ultimately  leads 
to  seed  yield,  and  yield  itself  appears  to  be 


inconsistent 
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In  soybeans.  Eight  soybean  genotypes  differing  in  seed 
yield  exhibited  • similar  SGR  (Hanway  and  Weber,  1971a) . 
Significant  differences  in  SGR  were  observed  in  four 
soybean  cultivars  which  did  not  exhibit  yield  differences 
(Kaplan  and  Roller,  19741 . Differences  in  SGR  between  two 
genotypes  were  detected  in  one  year  when  yields  were 
similar  (Egli  and  Leggett  1973).  In  all  these  cases  SGR 
differences  were  not  related  to  yield  differences. 

Zweifel  (1978)  observed  a significant  (P<0.01) 
positive  correlation  between  seed  yield  and  SGR  among  eight 
soybean  genotypes.  In  contrast,  Egli  and  Leggett  (1973) 
observed  higher  yields  in  two  genotypes  in  a year  when 
SGR' s were  lower.  The  existence  of  genotype  by  environment 
interaction  for  SGR  was  also  suggested  by  the  latter. 

Genotypes  in  the  studies  cited  above  usually  were 
unrelated,  highly  selected  and  high  yielding  released 
varieties.  In  order  to  adequately  represent  trends  within 


populations  breeders 


should  be  determined  among  random 


genotypes  within  crosses. 

Estimates  of  SGR  may  lack  precision.  Carter  et  al. 
(1983)  reported  relatively  high  cv's  for  dry  weight  traits 
on  different  soybean  crop  growth  analyses.  Therefore  a more 
precise  means  of  estimating  SGR  would  be  desirable,  to 
detect  differences  among  genotypes  using  reasonable  numbers 
of  replications,  in  this  work,  SGR  was  calculated  as  the 


product 


While  SGR  estimated  in  this  way  was  not  statistically 
independent  from  yield,  because  seed  number  is  a yield 
component,  it  was  the  only  practical  method  available  at 
the  time,  to  precisely  measure  SGR. 

The  results  presented  in  Chapter  IV  showed  that  a 
small  portion  of  the  yield  differences  among  selected  and 
random  soybean  genotypes  from  two  crosses  could  be 
attributed  to  differences  in  the  length  of  the  filling 
period  (estimated  as  EFF,  RPD,  and  RS-R7) . Such  results 
indirectly  suggested  the  possibility  that  SGR  was  a more 
important  yield-determining  factor  than  the  length  of  seed 

Information  on  additional  plant  characteristics  and 
processes  that  influence  the  association  of  yield  with  SGR 
would  be  helpful  in  understanding  the  complex  interaction 
of  factors  from  which  seed  yield  results. 

The  objectives  of  this  work  were  to  examine  the 
association  between  seed  yield  and  SGR  in  simulated  soybean 
genotypes,  to  determine  the  strength  of  the  association  of 
yield  with  both  ISGR  and  SGR  among  genotypes  from  two 
crosses  under  field  conditions,  and  to  compare  the 
magnitude  of  genotype  by  environment  interactions  for  ISGR 
and  SGR  with  that  for  yield  among  genotypes  from  one 
cross.  Additional  objectives  were  to  examine,  mainly  with 
the  use  of  the  simulation  model  described  in  Chapter  IV, 
the  interaction  of  factors  that  influence  the  association 
of  yield  with  SGR. 
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Materials  and  Methods 


A total  of  45  simulated  soybean  genotypes  were 
generated  through  sensitivity  analyses  of  the 
phenomenological  model  of  soybean  reproductive  growth 
described  in  Chapter  II.  The  initial  inputs  of  the  model 
tested  in  the  sensitivity  analyses  were  presented  in 
Chapter  IV.  Yield  and  SGR  values  of  the  simulated  genotypes 
were  fitted  to  a linear  regression  model  to  formulate  a 
hypothesis  about  the  nature  and  strength  of  the  association 
between  these  two  traits. 

The  resulting  hypothesis  was  then  field  tested  using 
partial  data  from  Tests  82-G-l-H,  82-G-2-F , and  83-G-2.  The 
materials  and  methods  for  these  tests  are  described  in 
Chapters  II,  III,  and  IV. 

The  materials  used  in  1982  were  eight  determinate  F7 
soybean  genotypes  from  each  of  the  following  crosses: 
Roanoke  x Hutton  (Test  82-G-l-H)  and  Roanoke  x F66-698 
(Test  82-G-2-F)  described  in  Chapter  II.  Braxton,  a 
released  variety,  was  used  as  an  additional  check  in  the 
latter  test.  In  1983,  a total  of  20  genotypes  from  both 
crosses  was  studied  in  Test  83-G-2. 


as  the  product  of  ISC 
plot,  and  expressed 
Weight  (HSWT)  was 


estimated  a 


was  calculated 


Hundred  Seed 


determined  using 


seeds  from 


Discussion 


Individual  and  Land  Area  Basis  Seed  Growth  Rates  and  Yield 


CV's  for  either  ISGR  or  seed  yield  (Tables  5.1  and  5.2). 
Nevertheless,  the  CV's  for  ISGR  and  SGR  were  considerably 
lower  than  the  ones  reported  by  Carter  et  al.  (19831  for 
several  dry  weight  traits.  Thus,  in  most  cases,  the  methods 
used  to  estimate  both  ISGR  and  SGR  allowed  the  detection  of 


three  replications  in  1982  and  1983,  respectively. 

In  1982,  significant  differences  for  ISGR  w 
observed  among  genotypes  within  crosses  (Table  5.1). 


1983,  highly  significant  differences  for  ISGR  were  detected 
among  genotypes  assembled  from  both  crosses  (Table  5.2) . In 
1982  differences  in  SGR  were  significant  only  among  the 
genotypes  from  Roanoke  * Hutton  (Table  5.1).  In  1983, 
significant  differences  for  SGR  were  observed  when 
genotypes  from  both  crosses  were  combined  (Table  5.2)  . 

In  1982,  yield  differences  were  significant  in  Tests 
82-G-l-H  and  82-G-2-P  at  the  p<0.03  and  0.10  levels, 
respectively,  among  the  genotypes  that  were  sequentially 
sampled  (Table  5.1).  In  1983,  yield  differences  were  highly 
significant  among  genotypes  assembled  from  both  crosses 
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Differences  across  environments  were  significant  for 
IS6R  only  among  genotypes  in  Test  82-G-l-H  (Table  5.3).  The 
genotype  by  environment  interaction  effects  were 
nonsignificant  for  ISGR  and  SGR,  but  nearly  significant 
(P< .06)  for  yield,  among  the  same  set  of  genotypes  in  Test 
82-G-l-H.  Thus  ISGR  and  SGR  exhibited  more  stability  than 

Associations  Between  Individual  Seed  Growth  Rate  and  Other 

Genotypes  that  exhibited  higher  ISGR  tended  to  have 
higher  mature  hundred  seed  weight  (Table  5.4) . However,  the 
magnitude  of  the  positive  correlation  between  ISGR  and 
HSWT  was  different  among  experiments. 

The  positive  correlation  between  ISGR  and  SGR  was 
significant  in  two  of  three  experiments  (Table  5.4) , but 
only  a small  portion  of  the  variation  in  SGR  could  be 
attributed  to  ISGR  as  shown  by  the  relatively  low 
correlation  coefficients.  These  results  are  interpreted  to 
suggest  that  genotypes  which  grew  more  seeds  per  unit  area 
tended  to  sustain  higher  SGR,  or  vice  versa. 

Associations  between  ISGR  on  a whole  plant  basis  and 
seed  yield  were  similar  to  that  reported  by  Egli  (1975).  In 
two  of  three  experiments,  low  positive  correlations  were 
present  between  ISGR  and  seed  yield  (Table  5.4) . In  Test 
82-G-F  these  two  traits  were  not  associated.  Therefore, 


poor  yield-determining  factor  among 


108 


Table  5.3. 


Individual  Seed 


i the  analyses  o 
Irowth  Rate  (ISGR),  Seed  Growth 
ea  basis  (SGR) , and  seed  yield 
’ genotypes  across  Tests 


Source  of  df  ISGR  SGR  Yield 

Variation 


Environments 
Blocks (Env. ) 
Genotypes 


726529 

180789 

447289 

229806(1) 


(1).  (2)  Significant  at 
respectively 


Table  5.4.  Phenotypic  correlation  coefficients  (r)  between 
Individual  Seed  Growth  Hate  (ISGR)  and  other 
traits,  and  between  mature  Hundred  Seed  Weight 
(HSWT)  and  seed  yield  in  three  experiments. 


Significant 


levels,  respectively. 


no 

genotypes  from  these  crosses. 

Correlations  between  seed  yield  and  HSWT  were  positive 
but  not  significant  in  all  experiments  (Table  5.4), 
consequently  it  appears  that  yield  was  more  closely 
associated  with  seed  number  per  unit  of  land  area. 

Association  Between  Seed  Yield  and  Seed  Growth  Rate  on  a 


Contrary  to  some  previous  results  (Hanway  and  Heber, 
1971a;  Kaplan  and  Koller,  1974;  and  Egli  and  Legget,  1973) , 
a positive  and  highly  significant  association  between  yield 
and  SGR  was  observed  among  simulated  genotypes  (Fig.  5.1). 
The  linear  regression  of  yield  as  a function  of  SGR 
explained  61%  of  the  yield  variation. 

In  all  cases,  field  results  confirmed  the  prediction 
of  the  simulations.  In  each  experiment  most  of  the  yield 
differences  were  explained  by  the  linear  regression  of 
yield  as  a function  of  SGR  (Fig.  5.2,  5.3,  and  5.4). 
However,  seed  yield  is  a function  of  seed  number  times  seed 
size  and  SGR  is  a function  of  1SGR  times  seed  number.  Since 
seed  number  is  a component  of  both  yield  and  SGR,  these  two 
values  are  not  statistically  independent.  Thus,  calculated 
R values  overestimate  real  R2  values  some  undetermined 
amount.  The  relationship  between  yield  and  SGR  was  apparent 
even  among  the  genotypes  in  Test  82-G-2-F  (Fig.  5.3),  where 
SGR  values  ranged  from  almost  60  to  85  kg/ha/day  but  were 
not  significantly  different  among  genotypes  (Table  5.1).  In 


SGR  (kg/haXday) 


Association  between  seed  yield  and  Seed 
Growth  Rate  on  a land  area  basis  (SGR) 
among  simulated  soybean  genotypes. 


Association  between  seed  yield  and  Seed 
Growth  Rate  on  a land  area  basis  ( SGR) 
among  soybean  genotypes  in  Test  82-G-l-H. 


Association  between  seed  yield  a 
among  soybean  genotypes  in  Test 


SGR  (kg/haXday) 


Association  between  seed  yield  and  Seed 
Growth  Rate  on  a land  area  basis  (SGR) 
among  soybean  genotypes  in  Test  83-G-2. 
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these  studies,  the  relationship  between  yield  and  SGR  was 
determined  among  genotypes  chosen  to  represent  yield 
differences.  Both  simulations  and  field  results  as  well  as 
the  lack  of  a strong  association  between  yield  and 
different  estimates  of  the  filling  period  among  random 
genotypes  (Chapter  IV)  support  the  idea  that  seed  yield  was 
mainly  a function  of  SGR. 

Factors  Influencing  the  Association  Between  Yield  and  Seed 


Host  of  the  yield  variation  among  simulated  and  field 
grown  soybean  genotypes  was  explained  by  differences  in 
SGR.  The  plot  of  yield  as  a function  of  SGR,  in  which  the 
characteristics  of  each  of  18  simulated  genotypes  are  shown 
(Fig  5.5),  provides  the  opportunity  to  examine  which 
factors  were  mainly  responsible  for  this  close  association 
as  previously  shown  in  Fig.  5.1.  The  R2  value  for  the 
linear  model  was  0.75.  The  highest  seed  yield  was  observed 
in  the  simulated  genotype  which  simultaneously  presented  a 
combination  of  the  highest  IBMAS  and  PMAX,  with  the  lowest 
DMAC,  and  one  of  the  highest  SGR  (Fig  5.5).  Conversely,  the 
lowest  seed  yield  was  observed  in  the  simulated  genotype 
with  the  lowest  IBMAS  and  PMAX,  the  highest  DMAC,  and 

increased  linearly  as  a function  of  IBMAS  in  simulated 
genotypes  (Fig.  5.5).  Field  results  from  Te.st  83-G-2 
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supported  this  hypothesis.  Correlations  were  r*0.54*» 
(n=20)  between  seed  yield  and  IBMAS,  and  r-40**  (n-20) 
between  SGR  and  IBMAS.  The  LAI  values  at  the  beginning  of 
seed  growth  in  the  simulations  were  approximately  2.6/  3.4. 
and  4.1,  resp  ectively,  when  IBMAS  values  were  3500,  4500, 
and  5500  kg/ha.  Shibles  and  Weber  (1965)  observed  a linear 
increase  in  dry  matter  production  with  increases  in  solar 
radiation  interception  at  similar  LAI  values.  Therefore, 
the  yield  increases  in  the  simulations  due  to  increases  in 
IBMAS  should  be  attributed  to  greater  solar  radiation 
interception,  and  to  additional  assimilates  that  may  be 
remobilized  to  seeds. 

In  the  simulations  increases  in  PMAX  resulted  in  yield 
and  SGR  increases  only  when  the  IBMAS  levels  were 
maintained  or  increased  and  DMAC  levels  were  maintained  or 
decreased  (Pig.  5.5).  An  example  of  the  possible 
interactions  among  these  factors  are  the  four  genotypes 
that  reached  yields  of  3700  to  4000  kg/ha  through  different 
combinations  of  these  three  factors.  Thus,  similar  yield 
levels  can  be  reached  through  different  avenues.  The  lack 
of  yield  increases  with  PMAX  increases  when  other  factors 
changed,  suggests  a possible  explanation  for  the  relatively 
large  portions  of  the  yield  variation  that  remained 
unexplained  by  the  variation  in  canopy  photosynthesis  among 
several  soybean  genotypes  reported  by  Wells  et  al.  (1982). 

Simulations  suggest  that  selection  for  higher  PMAX 
among  genotypes  of  similar  IBMAS  and  DMAC  levels  would 


result  in  higher  yield  levels  (Pig  5.5) . Since  PMAX  is  the 
rate  of  potential  maximum  net  hexose  production  of  the  crop 
resulting  from  photosynthesis,  the  selection  proposed  above 
would  result  from  higher  photosynthetic  rates  on  a land 

Decreases  in  DMAC  at  a given  IBMAS  and  PMAX  level 
among  simulated  genotypes  produced  a rather  small  decrease 
in  SGR  but  a strong  increase  in  yield  due  to  increases  in 
the  duration  of  seed  filling  (Pig  5.5).  The  strong  negative 
association  between  DMAC  and  different  estimates  of  the 
duration  of  seed  filling  (EFP,  RPD,  and  R5-R7)  observed  in 
field-grown  soybean  genotypes  (Chapter  VI)  supports  this 
hypothesis.  These  results  suggest  that  lower  DMAC  values 
may  be  found  in  experiments  where  lower  SGR,  longer  seed 
filling  periods,  and  higher  yields  are  observed. 

Five  simulated  genotypes  exhibited  essentially  similar 
SGR  (92  to  98  kg/ha  x day)  while  their  yields  differed  by 
almost  20*  (Fig.  S.S)  . It  appears  that  the  yield 
differences  between  these  genotypes  were  mainly  due  to  DMAC 
differences.  Thus,  DMAC  differences  may  be  one  of  the 
factors  related  to  the  yield  differences  observed  in  some 
cases  among  genotypes  of  similar  SGR.  In  this  case  DMAC 
differences  would  be  related  to  differences  in  the  length 
of  seed  filling. 


Conclusions 


The  methods  used  estimated  ISGR  on  a whole  plant 
basis,  and  SGR  rather  precisely.  The  CV's  were  about  half 
the  magnitude  of  those  previously  reported  for  dry  weight 
traits.  Significant  differences  for  ISGR  and  SGR  were 
detected  in  most  cases  using  only  two  or  three 
replications.  Differences  in  SGR  were  nonsignificant  in 
only  one  of  three  experiments. 

Individual  seed  growth  rate  and  SGR  showed  greater 
stability  than  yield  across  environments.  Genotype  by 
environment  interaction  effects  were  not  significant  for 
ISGR  and  SGR  but  was  nearly  significant  (P<0.06|  for  yield, 
among  the  genotypes  studied. 

Seed  yield  had  weak  positive  associations  with  ISGR  in 
genotypes  from  two  crosses.  Genotypes  that  exhibited  higher 
ISGR  tended  to  have  greater  mature  seed  weight.  In  one  of 
three  experiments,  about  half  of  the  yield  variation  was 
explained  by  HSWT,  and  consequently  most  of  the  yield 
variation  in  the  other  experiments  could  be  attributed  to 
variation  in  the  number  of  seeds  per  unit  area. 

Contrary  to  some  studies  in  which  released  varieties 
were  used,  simulations  predicted  a positive  and  highly 
significant  association  between  seed  yield  and  SGR.  In  all 
cases,  field  results  confirmed  such  prediction.  Host  of  the 
yield  differences  were  explained  by  the  linear  regression 


of  yield  as  a function  of  SGR.  The  lack  of  a strong 
association  between  yield  and  EFP  observed  in  Chapter  IV 
among  the  same  genotypes  also  supports  the  idea  that  seed 
yield  was  primarily  a function  of  SGR. 

Increases  in  IBMAS  and  PMAX  tended  to  increase  yield 
and  SGR,  while  DMAC  increases  tended  to  decrease  both  yield 
and  SGR  among  simulated  genotypes.  Field  results  on  IBMAS 
and  DMAC  support  this  hypothesis.  Medium  yield  levels  can 
be  reached  through  several  pathways  due  to  the  interaction 
of  these  factors  and  the  length  of  seed  filling.  But  the 
highest  yields  were  observed  in  the  simulated  genotype  with 
longest  seed  filling  period,  lowest  DMAC,  and  almost  the 
highest  SGR. 


CHAPTER  VI 

ASSOCIATIONS  OF  DRY  MATTER  ALLOCATION  COEFFICIENT  WITH 
YIELD,  LENGTH  OF  SEED  PILLING,  AND  OTHER  TRAITS 

Introduction 

Dry  Hatter  Allocation  Coefficient  (DMAC)  is  based  on 
the  rate  of  linear  Harvest  Index  (HI)  increase  of  soybeans 
during  seed  filling,  when  HI  is  calculated  disregarding 
fallen  leaves  (Salado  Navarro  et  al.  1984).  Since  HI  is  the 
ratio  of  seed  dry  weight  to  total  plant  dry  weight,  DMAC 
characterizes  the  rate  at  which  dry  matter  is  allocated  or 
partitioned  to  seeds  during  seed  filling. 

A negative  but  nonsignificant  association  between 
yield  and  DMAC  was  observed  among  eight  soybean  genotypes 
of  different  ancestry  (Salado  Navarro  et  al.  1984) . The 
weak  negative  association  between  yield  and  DMAC  is 
important,  because  it  indicates  that  seeds  may  be  growing, 
to  a certain  extent,  at  the  expense  of  assimilates  stored 
in  vegetative  organs.  If  this  process  is  accentuated  in 
soybean  plants,  DMAC  may  be  a yield-limiting  factor.  The 
type  and  strength  of  the  association  between  yield  and  DMAC 
be  determined  further  among  random  genotypes  within 


should 


Salado  Navarro  et  ai.  11984)  observed  that  the  highest 
yielding  genotypes  tended  to  exhibit  both  low  DMAC  and  high 
seed  growth  rates  (SGR)  on  a land  area  basis.  More 
information  is  needed  on  this  subject  to  better  understand 
the  interrelationship  of  these  two  processes  that 
ultimately  lead  to  soybean  yield. 

Yield  ultimately  depends  on  SGR  and  the  duration  of 
the  seed  filling  period.  It  follows  that  factors  limiting 
either  SGR  or  the  duration  of  seed  filling  may  also  limit 
seed  yield.  Sinclair  and  de  Wit  (1975)  postulated  that  the 
high  nitrogen  demand  of  soyben  seeds  due  to  their  higher 
protein  concentration,  relative  to  other  crops,  limits  the 
length  of  the  seed  filling  period  and  yield  of  soybeans. 
Information  is  needed  on  the  association  of  seed  protein 
percentage  and  the  length  of  seed  filling  in  soybeans  that 
would  indicate  if  N is  the  primary  basis  of  the 
self-destructive  mechanism. 

Salado  Navarro  et  al.  (1984)  observed  a strong 
negative  association  between  DMAC  and  the  length  of  the 
filling  period  (R5-R7)  in  eight  genotypes  of  different 
origin.  Thus  it  appears  that  high  DMAC  values  are  another 
factor  that  limits  the  length  of  seed  seed  filling  in 
soybeans . 

The  basis  for  the  negative  association  between  DMAC 
and  seed  filling  duration  has  not  been  clearly  determined. 
Salado  Navarro  et  al  (1984)  reported  a positive  association 
between  DMAC  and  seed  protein  percentage  in  a limited 


number  of  genotypes.  Studies  on  this  subject  should  be  done 
among  random  genotypes  within  crosses,  to  adequately 
represent  trends  within  populations. 

The  following  approach  was  used  in  this  work: 
a)  Hypotheses  about  the  associations  of  OMAC  with  yield, 
SGR,  and  filling  period  estimates  were  examined  using  the 
simulation  model  of  soybean  reproductive  growth  described 
in  Chapter  III.  b)  Resulting  hypotheses  were  field  tested 
using  sev  eral  random  F7  determinate  genotypes  from  two 

Objectives  of  this  work  were:  1|  to  determine  the  type 
and  strength  of  the  association  of  DMAC  with  yield  among 
random  genotypes;  2J  to  determine  the  joint  contribution  of 
DMAC  and  SGR  to  yield  among  selected  genotypes;  and  3)  to 
determine  the  relationships  among  DMAC,  seed  filling 
duration,  and  seed  protein  percentage  in  random  genotypes. 
Additional  objectives  were  to  examine  additional  factors 
which  influence  the  association  of  DMAC  with  the  length  of 
seed  filling,  and  to  estimate  the  stability  of  DMAC  across 
environments  and  its  broad  sense  heritability. 


The  45  simulated  soybean  genotypes  described  in 
Chapter  IV  were  used  to  examine  hypotheses  about  the 
relationship  of  DMAC  with  yield,  SGR,  and  seed  filling 
duration  estimates  (EFP  and  RPD) . Simulated  data  were 
fitted  to  linear  regression  models  to  formulate  the 


hypotheses  that  were  subsequently  tested  in  field 
experiments. 

The  materials  and  methods  used  in  the  field 
experiments  are  described  in  previous  chapters.  Partial 
data  from  four  field  experiments  (Tests  32-G-l-H,  82-G-2-F, 
83-G-l,  and  83-G-2)  are  presented  in  this  chapter.  The 
first  two  experiments  and  the  last  one  were  crop  growth 
analyses  in  which  DMAC,  SGR,  RPD,  and  EFP  were  measured  in 
addition  to  yield,  seed  protein  percentage,  and  the  length 
of  the  period  R5-R7 . Test  83-G-l  was  intended  only  to 
determine  yield,  seed  protein  percentage,  and  R5-R7. 

Results  and  Discussion 

Dry  Hatter  Allocation  Coefficient  From  Two  Sampling  Oates 

In  1982,  highly  significant  differences  in  DMAC 
(estimated  from  two  sampling  dates)  and  seed  yield  were 
observed  among  44  genotypes  from  each  cross  (Tests  82-G-l-H 
and  82-G-2-F) . Average  DMAC  and  seed  yield  of  the  genotypes 
from  each  cross  are  presented  in  Table  6.1  along  with  other 
statistics  for  these  two  traits.  In  1983,  highly 
significant  DMAC  differences  were  observed  in  Test  B3-G-2, 
among  a total  of  20  genotypes  from  both  crosses  which 
included  the  respective  parents  (Table  6.2).  Similar  DMAC 
differences  were  also  observed  in  1982  within  each  cross, 
in  the  group  of  genotypes  that  were  retested  in  1983  (Table 
6.2).  Highly  significant  yield  differences  were  observed  in 
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day-1  kg/ha  day-1  kg/ha 

0.0132  2062  0.0138  2167 


Stand.  Dev.  0.0011  323  0.0010  319 
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Test  83-G-2  among  the  20  genotypes  from  both  crosses  which 
included  the  respective  parents.  Average  yield  was  2388 
kg/ha,  and  the  highest  and  lowest  yields  were  3106  kg/ha 
and  1657  kg/ha,  respectively,  for  P79-1391  and  F79-1426. 

In  1982,  CV's  for  DMAC  were  0.084  and  0.075, 
respectively,  in  Tests  82-G-l-H  and  82-G-2-F.  Calculations 
were  based  on  44  genotypes  per  cross,  two  replications  per 
genotype,  two  sampling  dates  per  replication,  and  three 
plants  per  sampling  date.  In  1983,  estimates  of  DMAC  based 
on  the  same  procedure  but  from  three  replications  per 
genotype  had  a CV=0.094.  Carter  et  al.  (1983)  reported  CVs 
more  than  twice  as  large  for  a number  of  dry  weight  traits 
from  several  crop  growth  analyses.  Therefore,  considerably 
less  sampling  effort  and  handling  of  material  would  be 
required  to  estimate  DMAC  at  a given  precision  level, 
compared  with  other  dry  weight  traits. 


Association  Between  Dry  Matter  Allocation  Coefficient  and 


A negative  association  between  DMAC  and  seed  yield 
among  simulated  soybean  genotypes  was  predicted  from  data 
generated  by  the  model  (Table  6.3).  Results  of  field 
experiments  performed  in  two  years  on  a number  of  genotypes 
from  two  crosses  support  this  hypothesis.  In  all  cases  the 
correlations  between  DMAC  and  seed  yield  were  negative 
[Table  6.31.  The  associations  between  DMAC  and  seed  yield 
.among  simulated  and  field  grown  random  and  selected 
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Phenotypic  correlation  coefficients  (r)  between 
Dry  Hatter  Allocation  Coefficient  (DM AC)  with 
both  seed  yield  and  R5-R7  in  simulated  and  field 
grown  soybeans  genotypes  from  two  crosses. 


1982 

Roanoke 


1982 

Roanoke 


Combined 


Significant  at  p<0.05  and  0.01  levels,  respectively. 


genotypes  were  similar  to  the  results  of  Salado  Navarro  et 


r Allocation 


Seed  yield  results  ultimately  from  the  combination  of 
two  associated  processes:  partitioning  of  assimilates  from 
vegetative  to.  reproductive  organs  and  seed  dry  weight 
accumulation  per  unit  of  land  area.  Since  DMAC  reflects  the 
rate  of  partitioning  of  assimilates  estimated  as  dry 
matter,  the  regression  of  yield  as  a function  of  DMAC  and 
SGR  may  explain  most  of  the  yield  variation  in  a population 
of  genotypes.  The  results  observed  in  simulated  genotypes 
support  this  hypothesis.  All  the  yield  variation  was 
explained  by  its  regression  on  DMAC  and  SGR  (Fig.  6.1) . The 
resulting  response  surface  was  a plane  which  shows  that 
simulated  genotypes  with  the  highest  yields  were  the  ones 
with  high  SGR  and  low  DMAC  values. 

Data  on  field  grown  soybean  genotypes  from  two  crosses 
(Test  B3-G-2)  showed  close  agreement  with  the  trend 
predicted  by  simulated  genotypes  for  the  regression  of 
yield  as  a function  of  DMAC  and  SGR  (Fig.  6.2).  Similar 
results  were  obtained  in  Tests  82-G-l-H.  In  Test  82-G-2-F 
the  DMAC  effect  was  nonsignificant. 

It  follows  that  when  DMAC's  were  higher  the  daily 
supply  of  plant  assimilates  was  not  sufficient  to  maintain 
the  SGR 1 s attained;  consequently,  more 


assimilates 


SGR  (kg/haXday) 


DMAC  (day-1 ) 


figure  6.2.  Seed  yield  as  a function  of  the  Dry 
Matter  Allocation  Coefficient  (DMAC) 
and  Seed  Growth  Rate  on  a land  area 
basis  (SGR) , among  determinate  soybean 
genotypes  in  Test  83-G-2. 


translocated  from  vegetative  to  reproductive  organs  to  meet 
those  SGR  demands , causing  depletion  of  vegetative  dry 
matter . whether  this  effect  in  field  grown  soybeans  is 
mainly  due  to  the  translocation  of  N,  as  propose  d by 
Sinclair  and  de  Wit  (1975,  1976),  or  to  carbohydrates,  or 
both,  should  be  determined.  Whatever  the  nature  of  the  self 
destruct  mechanism,  these  results  support  the  idea  that 
this  mechanism  exists  during  seed  filling  in  the  soybean 


Association  of  Dry  Matter  Allocation  Coefficient  With 


A strong  negative  association  between  EFP  and  DMAC  was 
predicted  by  the  simulated  soybean  genotypes  (Fig.  6.3). 
These  data  were  generated  by  simulating  a combination  of 
five  DHAC's  with  three  biomasses  at  the  beginning  of  seed 
growth  (1BMAS) , and  three  potential  maximum  hexose  crop 
growth  rates  (PMAX) . Results  from  two  field  experiments, 
each  with  eight  selected  determinate  F7  soybean  genotypes 
from  the  crosses  Roanoke  x Hutton  and  Roanoke  x F66-698  in 
one  year,  and  20  selected  genotypes  in  another  year, 
partially  support  the  hypothesis  formulated  with  the  model. 
In  1982,  the  correlation  coefficients  between  EFP  and  DMAC 
were  r— 0.61  (n-8)  and  r>0.30  (n=8) , respectively  for  Tests 
82-G-l-H  and  82-G-2-F.  The  positive  correlation  in  Test 

EFP  (31  to  35  days).  In  1983,  a negative  association 
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Figure  6.3  Effective  Filling  Period  (EFP)  as  a function 
of  Dry  Matter  Allocation  Coefficient  (DMAC) , 
among  simulated  soybean  genotypes. 


By  definition  RPD  is  the  ratio  of  final  HI  to  DMAC, 
thus  a close  negative  association  between  RPD  and  DMAC 
should  be  expected.  Results  from  simulations  and  field  data 
fully  support  this  idea.  Highly  significant  negative 
associations  between  RPD  and  DMAC  were  always  present,  and 
DMAC  differences  explained  to  a great  extent  RPD 
differences  in  each  experiment  (Table  6.3).  Furthermore, 
regressions  of  RPD  as  a function  of  DMAC  using  data  from 
the  field  experiments  predicted  a decline  in  RPD  of  2.1  to 
2.7  days  for  every  0.001  day-1  increase  in  DMAC  observed. 

In  both  years,  the  visual  estimate  of  the  length  of 
seed  filling,  R5-R7,  also  showed  significant  or  highly 
significant  negative  associations  with  DMAC,  among 
genotypes  from  two  crosses  (Table  6.3).  These  results 
further  support  the  hypothesis  that  a strong  negative 
association  exists  between  DMAC  and  the  duration  of  seed 
filling  in  soybeans.  It  follows  that  DMAC  indicates  the 
intensity  of  the  self  destruction  in  the  soybean  plant, 
irrespective  of  the  nature  of  the  limiting  substrate  being 
partitioned  to  seeds. 

The  plot  of  EFP  as  a function  of  DMAC  in  which  the 
characteristics  of  simulated  genotypes  are  presented  (Pig. 
6.S),  offers  the  opportunity  to  examine  which  additional 
characteristics  influence  the  strong  negative  association 
observed  in  field  experiments  and  in  simulated  genotypes 


DMAC  (day'1) 


Effective  Filling  Period  (EFP)  as  a function 
of  Dry  Matter  Allocation  Coefficient  (DMAC), 
among  selected  F7  genotypes  in  Test  83-G-2. 
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0.014 


0.013 

DMAC  (day-* ) 


Factors  influencing  the  association  between 
Effective  Filling  Period  (EFP)  and  Dry 
Hatter  Allocation  Coefficient  (DMAC)  among 
simulated  soybean  genotypes. 
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(Pig  6.31  between  these  two  traits.  The  length  of  EFP  was 
primarily  shortened  by  higher  DMAC  values,  and  only  minor 
changes  were  observed  in  EFP  with  varying  IB  MAS  and  PMAX 
levels  in  simulated  genotypes.  These  simulation  results  are 
in  agreement  with  the  results  observed  for  the  relationship 
between  yield  and  EFP  (Fig.  4.15)  discussed  in  Chapter  IV. 


Associations  o 


Seed  Protein  Percentage 


As  stated  before,  the  strong  negative  association 
between  DMAC  and  different  estimates  of  the  length  of  seed 
filling,  and  the  weak  negative  association  of  DMAC  with 
yield  suggest  the  existence  of  a self  destructive  mechanism 
in  soybeans  during  seed  filling.  The  availability  of  random 
genotypes  with  different  seed  protein  percentages  provided 
the  opportunity  to  test  whether  higher  seed  H percentage  is 
a limiting  factor  in  the  self  destructive  mechanism  as 
proposed  by  Sinclair  and  de  Wit  (1975,  1976). 

Correlations  of  seed  protein  percentage  with  DMAC, 
RPD,  and  R5-R7  were  usually  nonsignificant  and  inconsistent 
over  experiments  and  crosses  (Table  6.4).  Correlations 
between  seed  protein  percentage  and  DMAC  were  significant 
and  negative  in  Test  B2-G-1-H,  while  in  Test  83-G-2  the 
reverse  was  true.  A nearly  significant  positive  correlation 
was  observed.  A significant  negative  correlation  between 
seed  protein  percentage  and  R5-R7  was  observed  in  Test 
83-G-l.  In  general,  correlations  did  not  she 


. Phenotypic  correlation  coefficients  between  seed 
protein  percentage,  Dry  Matter  Allocation 
Coefficient  (DMAC) , Reproductive  Period  Duration 


(n=48) 

-0.17 


* Denotes  significance  at  PC0.05. 
(1)  Significant  at  p<0.06. 


positive  ot  negative  association  of  soybean  seed  protein 
percentage  with  DMAC  or  the  length  of  the  seed  filling 
period.  The  results  do  not  provide  enough  evide  nee  to 
support  or  reject  the  idea  that  N is  the  basis  of  the  self 
destructive  mechanism  that  shortens  the  length  of  the 
soybean  filling  period  as  proposed  by  Sinclair  and  de  wit 
(1975,1976).  Therefore,  the  nature  of  the  self  destructive 
mechanism  remains  undetermined.  Perhaps  both  N and  C on  an 
energy  equivalent  basis,  are  responsible  for  the  self 
destruction  of  the  soybean  plant  that  appears  to  take  place 
due  to  seed  demands  that  exceed  the  daily  supply  of  plant 
assimilates. 

Stability  Across  Environments,  and  Broad  Sense  Heritabilitv 


The  analysis  of  DMAC  across  1982  and  1983  for  the 
genotypes  from  Roanoke  x Hutton  showed  no  significant  year 
effects  but  nearly  significant  (P<0.06)  differences  among 
genotypes  (Table  6.5),  while  yield  exhibited  a significant 
genotype  by  environment  interaction  effect. 

different  behavior  across  environments,  compared  to  yield. 
In  this  case  the  genotype  by  environment  interaction  effect 
was  significant  for  DMAC  and  nonsignificant  for  yield 

Broad  sense  heritability  estimates  for  DMAC  were 
similar  or  lower  than  for  yield  among  the  genotypes  from 


heritabilities 


respectively  for  DMAC  and  yield  among  11  genotypes  from 
Roanoke  x Hutton,  and  59.2  and  63.7%,  resp  ectively,  for 
DMAC  and  yield  among  10  genotypes  from  Roanoke  x P66-698. 
Therefore,  selection  for  low  DMAC  would  require  replicated 
testing  in  different  environments  as  was  already  suggested 
by  a significant  genotype  by  environment  interaction  found 
among  the  genotypes  from  Roanoke  x F66-698. 

Conclusions 

Seed  yield  and  DMAC  showed  weak  negative  associations 
(r=-0.18  to  -0.40)  as  predicted  by  the  simulations 

(r=-0.44**).  The  regression  of  yield  as  a function  of  DMAC 
and  SGR  explained  most  of  the  yield  variation  among 
simulated  and  field-grown  soybean  genotypes.  The  highest 
yields  can  be  observed  in  the  region  of  lowest  DMAC  and 
highest  SGR. 

A negative  association  between  EFP  and  DMAC  was 
predicted  by  simulated  genotypes  and  observed  in  two  out  of 
three  field  experiments.  Linear  increases  in  RPD'  were 
primarily  due  to  lower  DMAC  as  predicted  by  the  model 
(R2*0.92) , and  confirmed  in  field  experiments  (R2-0.63  to 
0.72).  Furthermore,  a significant  and  highly  significant 
negative  association  between  DMAC  and  RS-R7  was  found  in 
field  experiments  (r*-0.36*  to  -0.60**).  The  strong 
negative  associations  of  DMAC  with  seed  filling  duration, 
with  yield,  suggest  the 


negative  association 


existence  of  a self-destructive  mechanism  in  soybeans 
during  the  filling  period.  Genotypes  that  tend  to  allocate 
or  partition  their  dry  matter  more  rapidly  to  seeds,  do  so 
at  the  expense  of  a rapid  decline  in  vegetative  dry  matter, 
and  shorter  seed  filling  period. 

The  basis  of  this  self  destructive  mechanism  remains 
undetermined,  because  inconsistent  and  nonsignificant 
correlations  of  seed  protein  percentage  with  DMAC  and  seed 
filling  duration  estimates  did  not  support  the  idea  that 
seed  N percentage  is  the  primary  limiting  factor.  It 
appears  then,  that  both  C and  N on  an  energy  equivalent 
basis  may  be  the  limiting  substrates  partitioned  to  seeds. 

A significant  genotype  by  environment  interaction  for 
DMAC  was  detected  among  the  genotypes  from  one  of  the  two 
crosses  tested.  Broad  sense  heritability  estimates  for  DMAC 
among  the  genotypes  from  two  crosses  (64.8  and  59.2  *)  were 
somewhat  lower  than  for  yield  (69.8  and  63.7  S) . Therefore, 
selection  for  low  DMAC  would  require  replicated  testing  in 
different  environments. 
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The  overall  objectives  of  this  dissertation  were  a)  to 
determine  if  the  association  between  yield  and  seed  protein 
' positive,  when  the  high  protein 
also  the  higher  yielding  parent;  b) 
: seed  filling  1RS-R7)  with 
the  length  of  seed  filling 
s determine  the  associations  among 
as  the  length  of  seed 
( ISGR) , seed  growth 


percentage  tends  tc 
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following  conclusions 


o seeds  (DMAC)  among 
Based  on  data  presented, 
appear  to  be  justified;  however,  they 
determinate  soybeans. 

Weak  negative  associations  can  be  expected  in  soybeans 
between  yield  and  seed  protein  percentage  if  either  higher 
or  lower  yielding  parents  are  used  as  the  high  protein 
parent.  Correlations  between  seed  protein  percentage  and 
seed  yield  in  several  environments  among  random  and 
selected  genotypes,  from  crosses  whose  high  protein  parents 
were  also  the  higher  yielding  parents,  were  similar  in  sign 


and  magnitude  to  the  ones  reported  when  high  protein 
parents  were  the  lower  yielding  parents. 

Studies  on  yield  and  seed  protein  percentage  should  be 
performed  across  several  environments  to  obtain  average 
results.  The  sign  and  magnitude  of  the  correlations  between 
yield  and  seed  protein  percentage  showed  considerable 
variation  across  six  environments,  within  crosses. 
Correlations  ranged  from  r=0.11  to  -0.51**  in  one  cross, 
and  from  r=0.l4  to  -0.37*  in  another  cross. 

Associations  between  yield  and  seed  protein  percentage 
across  low  and  medium-yielding  environments  did  not  show  a 
tendency  to  become  consistently  negative  and  stronger  in 
lower  yielding  environments.  However,  the  lack  of. 
high-yielding  environments  prevented  adequate  testing  of 
the  hypothesis  that  seed  protein  percentage  tends  to 
increase  in  low-yielding,  drought-stressed  environments. 

The  amount  of  protein  produced  per  unit  of  land  area 
can  be  increased  by  seed  yield  increases,  while  the 
production  of  oil  per  unit  area  can  be  increased  by  either 
seed  yield  or  seed  oil  percentage  increases.  In  most  cases, 
yield  of  protein  and  oil  were  a function  of  seed  yield,  and 
usually  yields  of  protein  were  not  associated  with  seed 
protein  percentages.  In  six  of  14  cases,  positive 
correlations  between  yield  of  oil  and  seed  oil  percentage 
were  significant  or  highly  significant,  but  the  r values 
were  always  considerably  lower  than  those  between  yield  of 
oil  and  seed  yield. 
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time  (R2.0.97)  during  seed  f 


Comparisons  Between 
Physiological  and  visual  Estimates 


Environments 


Estimates  of  mean  ISGR  on  a whole  plant  basis  obtained 
from  only  one  early  and  one  late  sampling  date  can  be  used 
interchangeably  with  estimates  of  ISGR  obtained  from 
sequential  samplings  performed  throughout  seed  filling. 
Data  on  ISGR  obtained  from  two  samplings  plus  mature 
individual  seed  weight  can  be  used  to  calculate  EFP  with 
relatively  low  cv's. 


In  all  cases.  mean  BLSG  and  BLHI  occurred 
simultaneously  on  numerous  determinate  genotypes  from  two 
crosses.  Plants  reached  R5  10  to  16  days  before  either  BLSG 


or  BLHI,  but  associations  among  these  three  stages  were 
positive  and  strong  <P<0.01| . Although  RS  was  an  inaccurate 
indicator  of  BLSG  and  BLHI  on  determinate  genotypes,  it  was 
an  acceptably  precise  relative  measure. 

Mean  ELHI  on  a whole  plant  basis  was  reached  three  to 
six  days  after  mean  ELSG  in  each  genotype-environment 
combination,  and  plants  lost  vegetative  dry  weight  after 
ELSG  was  reached.  In  two  of  three  cases,  differences 


between  ELHI  and  ELSG  were  significant,  stage  R7  was  an 
accurate  and  precise  indicator  of  ELSG  in  two  of  three 
experiments  on  determinate  plants. 

Differences  for  RPD,  RS-R7,  and  EFP  can  be  found  among 
soybean  genotypes.  in  all  cases,  highly  significant 
differences  for  RPD  and  R5-R7  were  observed  within 
experiments,  while  highly  significant  differences  for  EFP 


were  detected  only  in  one  of  three  experiments. 

The  association  between  EFP  and  RPD  was  positive  but 
not  consistently  significant,  because  both  periods  started 
simultaneously  but  RPD  continued  for  three  to  seven  days 

The  visual  estimate  of  the  length  of  seed  filling, 
R5-R7,  was  not  a consistent,  precise,  and  accurate  estimate 
of  either  EFP  or  RPD,  because  the  period  R5-R7  was  8 to  13 
days  longer  than  EFP,  and  slightly  longer  than  RPD,  among  a 
number  of  determinate  genotypes  from  two  crosses . 

The  use  of  EFP,  RPD  or  R5-R7  as  selection  criterion  in 
soybean  breeding  appears  to  be  limited  to  some  extent,  due 
to  the  significant  or  highly  significant  genotype  by 
environment  interactions  and  low  broad  sense  heritabilities 
that  can  be  observed  for  these  traits. 


A simple  simulation  model  of  soybean  reproductive 
growth  was  developed.  The  model  is  based  on  the  assumption 
that  events  prior  to  seed  growth  limit  seed  yield  only  to 
the  extent  that  vegetative  dry  matter  restricts  the 
production  and  development  of  seed.  The  primary  purpose  of 


the  model  was  to  examine  hypotheses  that 
in  soybean  breeding  rather  than  trying 


have  implications 
to  mimic  soybean 


The  model  incorporates  the  concept  of  DMAC  into  the 
context  of  soybean  reproductive  growth.  Inputs  to  the  model 
are:  IBMAS,  PMAX,  and  DMAC.  Different  seed  protein  and  oil 
percentages  as  well  as  vegetative  N percentages  can  also  be 
simulated.  Outputs  of  the  model  on  a daily  basis  are  leaf, 
vegetative,  and  seed  dry  weights,  LAI,  HI,  SGR,  and  seed  M 
accumulation  rates.  The  model  terminates  the  simulations 
when  LAI  becomes  negligible  and  plants  are  assumed  to  be 
mature.  At  crop  maturity  the  model  outputs  include  yield, 
final  HI,  and  RPD.  Effective  Filling  Period  can  be 
calculated  as  the  ratio  of  final  seed  weight  to  SGR  during 
the  linear  portion  of  simulated  seed  growth. 

Associations  of  yield  With  Both 
Physiological  and  Visual  Estimates  of  Seed  Filling  Duration 

Simulation  studies  and  field  experiments  with  F7 
soybean  genotypes  show  that  weak  positive  associations  can 
be  observed  between  yield  and  both  EFP  and  RPD  within 
environments.  The  linear  regression  model  of  yield  as  a 
function  of  either  EFP,  RPD,  or  R5-R7  explained  small 
portions  of  the  yield  differences  among  genotypes  within 
environments. 

Selection  for  long  filling  periods  (EFP,  RPD,  and 
R5-R7)  does  not  necessarily  result  in  selection  for  higher 
yields  within  environments,  because  some  genotypes  with 
long  seed  filling  periods  had  low  yields.  Conversely 
though,  genotypes  with  short  seed  filling  periods  rarely 
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had  high  yields.  The  R2  values  can  be  somewhat  higher  in 
experiments  where  genotypes  selected  to  represent 
differences  in  yield  and  seed  filling  period  estimates  are 
used.  In  those  cases,  variation  in  R5-R7  explained  about 
40%  of  the  yield  variation.  These  results  indirectly 
suggest  that  seed  growth  rate  on  a land  area  basis  may  be  a 
more  important  yield-determining  factor  than  seed  filling 
duration  in  random  soybean  genotypes. 

The  weak  positive  associations  observed  between  yield 
and  different  estimates  of  the  length  of  seed  filling  can 
be  explained  by  the  differential  influence  that  DMAC  had  on 
yield  and  CFP  among  simulated  genotypes,  within  a given 
DMAC  level,  increases  in  ZBMAS  and  PHAX  produced  sharp 
yield  increases,  but  EPP  remained  essentially  constant, 
while  DMAC  increases  (at  constant  IBHAS  and  PMAX  levels) 
produced  a moderate  reduction  in  yield  and  a large 
reduction  in  EFP. 


Associations  Between  yield  a 


Individual  seed  growth  rate  on  a whole  plant  basis  and 
5GR  can  be  measured  rather  precisely  using  a new  method, 
although  SGR  estimates  in  this  case  are  not  statistically 
independent  of  yield.  The  CV's  for  SGR  can  be  about  half 
the  magnitude  of  those  previously  reported  for  dry  weight 
traits  in  other  soybean  crop  growth  analyses;  thus, 
significant  differences  for  ISGR  and  SGR  can  be  detected 


using  two  or  three  replications.  Differences  in  SGR  were 
nonsignificant  in  only  one  of  three  experiments. 

Individual  seed  growth  rate  and  SGR  showed  greater 
stability  than  yield  across  environments.  Genotype  by 
environment  interaction  effects  were  not  significant  for 
I SGR  and  SGR  but  were  nearly  significant  (P<0.06)  for  yield 
in  one  case,  among  the  genotypes  studied. 

Weak  positive  associations  between  yield  and  ISGR  can 
be  observed.  Genotypes  that  exhibited  higher  ISGR  tended  to 
have  higher  mature  individual  seed  weight.  In  one  of  three 
experiments,  about  half  of  the  yield  variation  was 
explained  by  mature  seed  weight.  Similarly,  only  in  one  of 
three  experiments  about  half  of  the  variation  in  SGR  could 
be  attributed  to  ISGR.  Consequently,  most  of  the  variation 
in  yield  and  SGR  in  the  other  experiments  could  be 
attributed  to  final  seed  number  per  unit  of  land  area. 

Contrary  to  some  reports  in  which  released  varieties 
were  studied,  a positive  and  highly  significant  association 
between  seed  yield  and  SGR  was  observed  among  simulated 
genotypes.  In  all  cases,  field  results  among  genotypes  from 
two  crosses  confirmed  such  prediction.  Most  of  the  yield 
variation  was  explained  by  the  linear  regression  of  yield 
as  a function  of  SGR. 

The  strong  positive  association  between  yield  and  SGR 
can  be  primarily  explained  by  the  relationships  that  I5MAS 
and  PMAX  had,  with  yield  and  SGR  of  simulated  genotypes. 


increased 


observed  with 


levels.  Smaller  changes  in  yield  and  SGR  were 
changes  in  DMAC.  When  DMAC  increased,  SGR  tended  to 
increase  but  yield  decreased.  The  decreases  in  yield 
observed  can  be  attributed  to  shorter  seed  filling  periods. 

When  PMAX  or  1BMAS  increased,  sharp  yield  increases 
were  observed  only  if  all  other  factors  remained  constant 
among  simulated  genotypes. 
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). 44**1 . The  regression 
and  SGR  explained  most 
among  simulated  and  field  < 
genotypes.  The  resulting  response  surface  w 
which  the  highest  yields  can  be  observed  in 
lowest  DMAC  and  highest  SGR  values. 

A negative  association  between  EFP  and  DMAC  was 
predicted  by  the  simulated  genotypes  and  observed  in  two  of 
three  field  experiments.  Increases  in  RPD  were  primarily 
due  to  lower  DMAC  values  as  predicted  by  the  simulation 
model  (R  ■0.92),  and  confirmed  in  field  experiments 
(R  =0.63  to  0.72).  Furthermore,  a significant  and  highly 
significant  negative  association  between  DMAC  and  RS-R7  was 
found  in  field  experiments  (r=-0.36*  to  -0.60**).  Small 
changes,  in  RPD  were  observed  with  changes  in  IBMAS  and  PMAX 


among  simulated  genotypes.  Since  DMAC  estimates  the  rate  of 
dry  matter  allocated  or  partitioned  to  seeds  from 
vegetative  organs,  the  above  results  indicate  that  shorter 
filling  periods  are  positively  associated  with  faster 
depletion  of  vegetative  dry  matter  during  seed  filling. 
This  supports  the  idea  that  a self  destructive  mechanism  of 
some  sort  operates  within  the  soybean  plant. 

The  basis  of  the  self  destructive  mechanism  remains 
undetermined,  due  to  inconsistent  and  nonsignificant 
associations  of  seed  protein  percentage  with  DMAC  and  the 
length  of  seed  filling  observed  in  field  grown  soybeans. 
Perhaps  the  self  destructive  mechanism  is  based  on  the 
energy  equivalence  of  both  the  C and  N compounds  that  are 
transferred  from  vegetative  tissues  to  soybean  seeds. 

Selection  for  lower  DMAC  values  requires  replicated 
testing  across  environments,  due  to  significant  genotype  by 
environment  interactions  and  broad  sense  heritabilities 
similar  or  slightly  lower  than  for  yield. 
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this  hypothesis.  Therefore,  moderate  yield 
be  reached  by  several  different  pathways, 
highest  yield  was 


observed  only 


simulated  genotype  with  highest  XBMAS,  highest  PMAX,  and 
nearly  the  highest  SGR  that  simultaneously  exhibited  the 
lowest  DMAC  and  longest  EFP. 

Based  on  results  from  simulations  and  field 
experiments  it  appears  that  three  theoretical  approaches  to 
increase  yields  are  possible  and  can  be  pursued  separately 
or  in  combination  (Table  7.1).  These  approaches  are  a)  to 

Selection  for  yield  could  be  simultaneous  with  selection 

other  traits  do  not  decline  and  become  limiting  factors. 

A fourth  approach  would  be  to  select  for  higher  SGR, 
since  it  was  positive  and  highly  associated  with  yield.  But 
as  shown  in  Table  7.1  selection  for  either  higher  IBKAS  or 
PMAX  would  increase  SGR  and  consequently  yield. 

It  is  obvious  that  a crop  requires  a certain 
vegetative  biomass  level  to  intercept  most  of  the  solar 
radiation  and  support  seed  growth.  Moderate  increases  in 
IBMAS  that  would  result  in  LAI  values  above  the  ones 
required  for  maximum  light  interception  would  tend  to 
increase  yield  because  of  the  greater  availability  of 
assimilates  that  potentially  could  be  partitioned  into 

increases,  and  the  length  of  seed  filling  should  remain 
essentially  unchanged.  This  strategy  has  been  successfully 
applied  to  increase  yield  through  increases  in  plant 
densities  and  narrow  rows  (Cooper  1971,  1977) . 
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Tli * Increase,  - Decrease,  and  - No  change. 


Increases  in  IBMAS  could  be  pursued  only  to  a certain 
extent,  because  lodging  would  tend  to  increase  with  larger 
plant  size  as  reported  by  Hartwig  and  Edwards  (1970)  and 
Cooper  (1971),  and  probably  HI  would  tend  to  decline. 

Selection  for  higher  PHAX  would  tend  to  increase  yield 
in  plants  of  similar  IBMAS  and  DMAC.  This  type  of  approach 
would  increase  yield  mainly  due  to  SGR  increases  and  thus 
would  be  especially  applicable  in  regions  where  the  length 
of  seed  filling  and  the  growing  cycle  of  the  crop  could  not 
be  additionally  extended.  Selection  for  yield  would  likely 
be  the  more  efficient  way  to  enhance  PMAX  if  IBMAS  and  DMAC 
are  held  constant. 

Lowering  DMAC  levels  would  tend  to  minimize  the  rate 
of  self  destruction  in  determinate  soybean  plants.  Higher 
yields  in  this  case  would  result  primarily  from 
considerable  increases  in  the  length  of  seed  filling  and 
slightly  lower  SGR's. 

Higher  yielding  genotypes  would  be  the  ones  which 
intercept  most  of  the  incoming  solar  radiation  and  are  able 
to  sustain  high  concurrent  SGR's  and  crop  growth  rates  for 
longer  periods  of  time  while  maintaining  low  rates  of 
vegetative  dry  matter  depletion  (low  DMAC) . 


Salado  Navarro  (1982)  hypothetized  that  simultaneous 
selection  for  higher  final  HI  and  longer  seed  filling 
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period,  in  soybean  plants  of  similar  mature  plant  size 
under  good  growing  conditions,  would  lead  to  higher  yield. 
The  results  of  this  work  are  in  close  agreement  with  the 
above  hypothesis. 

Selection  for  higher  HI  has  brought  about  smaller  and 
earlier  plants  with  lower  yield  (Buzzell  and  Buttery, 
1977).  However,  in  plants  of  similar  biomass,  seed  yield 
should  be  a function  of  final  HI.  The  correlation 
coefficient  of  yield  with  final  HI  was  r=0.92**  (n=15) 
among  simulated  genotypes  with  IBMAS  of  4500  kg/ha,  three 
PMAX  levels  (ISO,  200,  and  250  kg/haxday) , and  five  DMAC 
levels  (0.011,  0.012,  0.013,  0.014,  and  0.015  day-1). 
Therefore,  in  plants  of  similar  high  biomasses  compatible 
with  such  detrimental  effects  as  lodging,  HI  would  be  a 
valuable  selection  criterion.  In  this  case,  the  stability 
of  HI  across  plant  sizes  and  environments  observed  by 
Spaeth  et  al.  (1984)  would  be  advantageous. 

Associations  among  simulated  genotypes  indicate  that 
selection  for  high  final  HI  among  plants  of  similar  biomass 
would  imply  indirect  selection  for  higher  PMAX,  longer  seed 
filling  period,  and  higher  SGR.  The  correlation 
coefficients  of  final  HI  were  r»0.80**  with  PMAX  0.71** 


simulated  genotypes  with  IBMAS  of  4500 


kg/ha  that  were 
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consistently  observed  as  DMAC 


IV  that  higher  yields  were 
decreased  and  PMAX  increased 


similar  (4500  kg/hal 


among  simulated  genotypes  of 
(Fig.  4.2.1).  Therefore,  to  improve  the  chances  of 
selecting  the  highest  yielding  genotypes,  selection  for 
lower  DMAC  should  be  carried  out  in  addition  to  selection 
for  higher  final  HI,  in  plants  of  similar  biomasses.  The 
nonsignificant  negative  correlation  between  final  HI  and 
DMAC  (rs-0.46,  n»15) , among  simulated  genotypes  with  IBMAS 
of  4500  kg/ha,  indicates  that  selection  for  higher  final  HI 
does  not  necessarily  imply  selection  for  lower  DMAC. 
However,  the  close  negative  association  between  estimates 
of  the  length  of  seed  filling  and  DMAC,  reported  in  Chapter 
VI,  indicates  that  visual  selection  for  longer  seed  filling 
period  would  be  a practical  way  to  select  indirectly  for 
lower  DMAC. 


Combining  visual  selection  for  long  seed  filling 
period  and  high  HI  in  plants  of  similar  biomasses  would 
prevent  the  tendency  toward  earlier  maturity  among  plants 
with  higher  HI,  as  was  observed  by  Buzzell  and  Buttery 


(1977) . 

Visual  selection  of  genotypes  with  high,  approximately 
similar  biomasses  at  maturity,  would  probably  be  effective 
for  practical  purposes.  The  whole  method  of  selecting  for 
high  similar  biomass,  long  filling  period,  and  high  HI 
would  be  possible  using  only  short  replicated  rows,  instead 
of  plots  as  is  usually  necessary  when  testing  for  yield 
itself.  Therefore,  higher  numbers  of  lines  could  be 
indirectly  screened  for  yield  in  this  way,  as  the  step 


determine 


prior  to  testing  for  yield  itself.  In  my  view,  to 
the  advantages  of  this  methodology  over  the  conventional 
selection  for  yield,  under  practical  breeding  conditions, 
is  one  of  the  current  primary  challenges  of  soybean 
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